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Program Self-Study Report Astronautical Engineering 
 
A. Background Information 
1. Degree Title 
Master of Science in Astronautical Engineering 
2. Program Modes 
The Astronautical Engineering program is primarily a day program. 
3. Actions to Correct Previous Shortcomings 
The Engineering Accreditation Commission (EAC) report of 2001 visit to the Graduate School 
of Engineering and Applied Sciences and the Department of Aeronautics and Astronautics was 
favorable.  For the Astronautical Engineering program, there was one program concern and there 
were two program observations.  During the initial response period, some corrective actions were 
taken and others were proposed for the future.  The program concern and the observations are 
discussed separately.  The program strengths, concern, observations and corrective actions are 
discussed in the following paragraphs. 
 
Program Strengths 
The unique ability of the Naval Postgraduate School to carefully select its students and the direct 
relationship of the astronautical engineering program to the future careers of its students result in 
a very high level of student ability and motivation and helps ensure student success. 
 
The direct relationship between the department and its primary constituent, the Navy, provides a 
mechanism for program assessment and continual improvement in response to constituent needs 
that would be the envy of the most university programs. 
 
The department is very thorough in ensuring that all students in its programs meet the ABET 
requirements for an accredited undergraduate degree in the discipline or have a certifiably 
equivalent background.  The program requirement for a major design experience at the graduate 
level both helps ensure that all students meet the above goal and provides a design background 
that is unique among Astronautical Engineering (AE) graduate programs. 
 




The concern pertained to EC 2000 criterion 2, Program Educational Objectives.  The program 
effectively uses its educational skill requirements as its stated educational objectives and 
evaluates its program against these objectives systemically.  ABET requires that these objectives 
be published, as they have been in previous NPS catalogs. The objectives are neither printed in 
the 2001 catalog nor do they appear on the department website. 
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Corrective Actions to address Concern 
The program objectives have been listed in the NPS catalog and on the Department of 
Mechanical and Astronautical Engineering website 
(http://www.nps.edu/MAE/Academics/msae.asp). 
 
First Program Observation 
To an outside observer, there may be difficulty in determining the difference between the AE 
program and the broader space systems engineering program and it is confusing that the AE 
program is listed in the catalog under a space systems heading rather than under the Department 
of Aeronautical and Astronautical Engineering. 
 
Corrective Actions to Address First Program Observation 
The AE program is listed under the Department of Mechanical and Astronautical Engineering in 
the NPS catalog and on the MAE Department website 
(http://www.nps.edu/MAE/Academics/msae.asp). 
 
Second Program Observation 
The basic level curriculum and the program matrix for the AE program might be better 
understood by both students and outside observers if the program requirements were more 
clearly delineated and differentiated from the elective or optional courses.  Several of the courses 
which currently appear to be required parts of the curriculum are apparently really only one of 
several courses which can be used to complete that part of the curriculum. 
 
Corrective Actions to Address Second Program Observation 
In July, 2002, the Chairman of the Aeronautics and Astronautics Department issued a 
memorandum to all MS - Astronautical Engineering students regarding the required courses for 
the MS - Astronautical Engineering degree and the procedure for submission and approval of 
waivers for required courses.  This procedure has been implemented.  The course matrix for the 
MS - Astronautical Engineering program has also been posted on the Department of Mechanical 
and Astronautical Engineering website (http://www.nps.edu/MAE/Academics/MSAE-PEO.asp) 
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CAPT Al Scott, USN 
Program Officer, Space Systems Engineering/Operations 
Military Instructor, Space Systems Academic Group 
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Research Associate Professor 
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Mechanical and Astronautical Engineering Department 
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Monterey, CA 93943 
831-656-2699 
cmbrophy@nps.edu 
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B. Accreditation Summary 
 
For the purpose of this report, the following definitions will be used.  These definitions are 
consistent with the standard definitions as used by ABET: 
 
Objective: Statements that describe the expected accomplishments of graduates during the first 
several years following graduation from the program. 
 
Outcomes: Knowledge, skills, and/or behavior that support the objectives and are observable at 
the time of graduation. 
 
Assessment: Process that identifies, collects, and analyzes data for the purpose of determining 
achievement of objectives and outcome. 
 
Evaluations: Process of reviewing the results of data collection and analysis and making a 
determination of the value of findings and action to be taken. 
 
Actions: Implementation of new or revised objectives, outcomes, assessment and evaluation 
procedures, degree requirements, policies, etc, to improve the program. 
 
Constituents: Group of people that affect or are affected by the program, including students, 
faculty, administrators, program sponsor, alumni, their supervisors, etc. 
 
The complete loop to meet the ABET requirement to improve the NPS MS - Astronautical 
Engineering program is given in Figure 2.1.  The detailed explanation will be provided in later 
sections as necessary. 
 
The Astronautical Engineering (MS) Program 
The Astronautical Engineering (MS) program was accredited under EC 2000 in 2002.  At that 
time, the program was administered by the Department of Aeronautics and Astronautics.  In 
December 2002, under an agreement between the Secretary of the Navy and Secretary of the Air 
Force, the Aeronautical Engineering Program was transferred to the Air Force Institute of 
Technology.  In September 2003, the NPS Department of Aeronautics and Astronautics was 
closed.  A new Department of Mechanical and Astronautical Engineering (MAE) was created 
that included both the Astronautical and Mechanical Engineering Programs.  The Astronautical 
Engineering faculty, staff and laboratories were transferred to the new MAE Department.  Since 
2003, the Astronautical Engineering Program has been administered by the MAE Department. 
 
Relationship of Space Academic Group to Astronautical Engineering (MS) Program 
The Department of Mechanical and Astronautical Engineering is responsible for the 
Astronautical Engineering (MS) Program, the course requirements, awarding MS - Astronautical 
Engineering degrees and meeting ABET requirements.  However, the Space Systems Academic 
Group provides strong support in meeting certain educational objectives.  A majority of the 
courses in the program are taught by MAE faculty.  However, there are several courses, such as 
space environment, remote sensing, electric power, microprocessors, and communications 
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engineering that are taught by faculty from other departments.  To facilitate the interaction 
between faculty teaching space courses from different departments, the Space Systems Academic 
Group (SSAG) was founded in 1982.  The SSAG is an interdisciplinary association of faculty 
and academic chair professors representing eight separate academic departments.  The SSAG is 
responsible for the space systems engineering curriculum (591).  All the students in the MS – AE 
program are enrolled under this curriculum.  Many of the objectives of the MS – AE program are 
the same as the Engineering Skill Requirements (ESRs) for the curriculum.  However, MAE 




This section describes how students are evaluated, advised, and monitored in a manner consistent 
with program objectives.  The processes and procedures used to enforce policies for the 
acceptance of transfer students and the procedures used to validate credit for courses taken 
elsewhere are described.  Evidence that the processes and procedures are working is also 
provided. 
 
Table B.1 Student Enrollment Summary 
Master of Science in Astronautical Engineering 
 
Year of Graduation Total Space Systems Students Total MSAE Students 
2003 10 9 
2004 15 15 
2005 18 16 
2006 15 13 
2007 10 8 
Total 68 61 
 
1.2 Evaluation, Advising and Monitoring of Students 
Typical students in the Naval Postgraduate School Astronautical Engineering Program are mid-
career military officers and government civilians who have already spent six to ten years 
developing expertise in an operational or technical field.  The students are enrolled in the NPS 
Astronautical Engineering program to develop graduate-level technical expertise and thinking 
ability to prepare them for subsequent engineering and operational assignments of a technically 
challenging nature.  As students entering the program have been away from the academic 
environment for an average of 8 years, their first quarter at NPS is typically designated as a 
refresher quarter.  During the refresher quarter, students take undergraduate courses in calculus 
and physics to prepare them for graduate level work.  For those students who have a basic 
sciences background, but do not have undergraduate degrees in engineering, additional time may 
be required to meet undergraduate engineering requirements such as statics, dynamics and 
thermodynamics.  Other undergraduate courses are part of the regular matrix as prerequisites or 
to fill a particular military requirement. 
 
Students are evaluated, advised and monitored in ways that are common to civilian institutions 
and in ways that are unique to the Naval Postgraduate School.  Upon arrival, each student is 
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provided with a course matrix that details Astronautical Engineering degree requirements.  The 
Academic Associate and Program Officer work with each student as necessary to tailor the 
academic program to meet specific student needs.  Completion of the courses outlined in the 
resulting course matrix assures that the student meets the Master's degree requirements in 
Astronautics.  Student advising then continues with interactions with the Academic Associate, 
Program Officer and thesis advisors.  The student reviews and updates his or her program matrix 
each quarter with the consent of the above mentioned advisors.  Addition or deletion of any 
courses in a matrix requires approval of the course instructors as well as those of the Program 
Officer and Academic Associate. 
 
Student performance is evaluated for each course via letter grades, or in some instances, via 
Pass/Fail criteria.  Additional evaluation opportunities are provided via review of capstone 
projects and the thesis approval process.  The Academic Associate and Program Officer monitor 
grades via the NPS Python Education Management System.  In addition, Air Force, Army and 
Marine Corps students have service representatives on campus for special mentoring and 
advising.  As the students receive a fully funded education, they must be in class unless they 
have an approved excuse or an emergency.  An on-line check-in system is used to monitor daily 
student presence on campus.  In addition, as NPS astronautical engineering classes seldom 
exceed 15 students, students and faculty quickly get to know each other so faculty are able to 
closely monitor student participation and performance. 
 
Before graduation, each student program is reviewed by the Academic Associate for compliance 
with ABET and other degree requirements.  Due to established military graduate education 
requirements, students typically exceed the MS degree requirements as stated in the NPS Catalog.  
Prior to graduation, a faculty committee nominates and the Department Chair approves students 
for selection as distinguished graduates or for other graduation awards and honors. 
 
1.3 Acceptance of Transfer Students 
It is rare for a student to transfer directly from another graduate institution to NPS.  However, 
upon entry to the Naval Postgraduate School, each student's academic record is evaluated for 
possible transfer of credit.  Up to twelve hours of graduate-level courses previously completed 
may be accepted for transfer credit.  These include graduate-level courses taken after completion 
of the baccalaureate degree and those taken in the last term before award of the baccalaureate 
and certified to be in excess of degree requirements.  An additional 12 quarter-credits may be 
transferred from the Air Force Institute of Technology (AFIT) in Dayton, Ohio.  This is in 
addition to the normal transfer allowed (12), bringing the total to a maximum of 24 quarter-
credits transferable from AFIT to NPS.  Permission to transfer a specific course to serve as a 
substitute for a degree requirement will be determined by the Department Chairman as 
recommended by the Academic Associate and Program Officer.  Course transfers are 
documented via the NPS Python Educational Management System.  Regardless of transfer 
credits allowed, all NPS master's degrees still require at least 20 quarter-credits be earned 
directly from NPS.  Successful completion of subsequent course, capstone project, and thesis 
requirements provide evidence that transfer procedures are functioning appropriately. 
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1.4 Course Validation Procedures 
A student with the appropriate background may validate a course that is required for the 
Astronautical Engineering curriculum.  Validation will allow the student to omit that course from 
the program of study; however, no credit will be granted for a course that has been validated.  
The basic purpose of course validation is to make optimal use of the student's time at the Naval 
Postgraduate School.  Every validation must be justified by documented evidence of prior work 
in the area of the course to be validated.  The validation of a course must be approved in writing 
by the Chairman of the Department or a designated representative.  Specific criteria for 
validation (e.g., review of the student's transcripts or examination on the material of the course) 
are left to the course coordinator and/or instructor as approved by the Department Chairman.  
Course validation is documented via the NPS Python Educational Management System.  
Successful completion of subsequent course, capstone project and thesis requirements provides 
evidence that validation procedures are functioning appropriately. 
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2. Program Educational Objectives 
 
2.1 Summary 
This section discuss the Program’s Educational Objectives, the process by which these objectives 
are determined and evaluated, how the program ensures these objectives are achieved, and the 
system of ongoing evaluation that leads to continuous improvement of the program.  Specifically, 
the section: 
 
• Lists the Program Educational Objectives and shows how they are consistent with the 
mission of the institution and the accreditation criteria. 
• Identifies the significant constituencies of the program. 
• Describes the processes used to establish and review the Program Educational Objectives 
and the extent to which the program’s various constituencies are involved in these 
processes and provides documentation that demonstrates that the processes are working. 
• Describes how the program curriculum and processes ensure achievement of the 
objectives of the program. 
• Provides documentation that describes the ongoing evaluation of the level of achievement 
of these objectives, the results obtained by this periodic evaluation and evidence that the 
results are being used to improve the effectiveness of the program.  
 
2.2 Program Educational Objectives. 
Program Educational Objectives are designed to support the overall NPS mission and are 
established by program sponsors with input from the Astronautical Engineering faculty, the Dean 
of the Graduate School of Engineering and Applied Sciences (GSEAS) and the Provost.  The 
Program Educational Objectives are reviewed by the sponsors of the program and revised as 
necessary. 
 
The NPS Mission Statement and the Program Educational Objectives are as follows: 
 
NPS Mission 
Provide relevant and unique advanced education and research programs in order to increase the 
combat effectiveness of U.S. and Allied armed forces and enhance the security of the United 
States. 
 
Program Educational Objectives 
The overall educational objective of the Astronautical Engineering program is to support the 
NPS mission by producing graduates who have knowledge and technical competence, at the 
advanced level in Astronautical Engineering, to support national security. 
 
In order to achieve this goal, the specific objectives are to produce graduates who have 
knowledge and technical competence in the following areas: 




1. Orbital Mechanics, Space Environment and Remote Sensing 
2. Military Space Systems 
3. Project Management and System Acquisition 
4. Spacecraft Communications and Signal Processing 
5. Computers: Hardware and Software 
6. Spacecraft Dynamics, Guidance and Control 
7. Spacecraft Structures and Materials 
8. Propulsion Systems 
9. Spacecraft Thermal Control and Power 
10. Spacecraft Design and Integration 
 
Additional objectives include demonstrated competence at the advanced level in one of the 
primary disciplines of Astronautical Engineering (orbital mechanics, space environment, attitude 
determination, guidance and control, telecommunications, space structures, spacecraft/rocket 
propulsion or spacecraft design) and demonstrated ability to conduct and report independent 
research. 
 
The Astronautical Engineering Program Educational Objectives listed above are derived from 
Educational Skill Requirements (ESR’s).  The ESR’s (shown in Appendix I.E) are established by 
program sponsors with input from the Astronautical Engineering faculty, the Dean of the 
Graduate School of Engineering and Applied Sciences (GSEAS) and the Provost.  The Program 
Educational Objectives together with typical course of study programs are published in the NPS 
Catalog and on the Astronautical Engineering website (http://www.nps.navy.mil/mae/msae.htm) 
and are reflected in the program matrix that each student receives when first enrolled.  There are 
additional Navy mandated requirements in the form of at least one course in management (MN 
3351), a course in Strategy and Policy (NW 3230), and up to 3 additional courses in Joint 
Professional Military Education (JPME).  Foreign students and non-Navy students may waive 
some of the above requirements and/or have additional ones placed upon them at the discretion 
of their sponsor.  The Program Educational Objectives are reviewed by the sponsors of the 
program on a regular basis and revised as necessary.  This process is detailed in section 2.4. 
 
2.3 Significant Constituencies 
The constituents of the Astronautical Engineering program include the Program Sponsor, 
(Commander, Naval Sea Systems Command) and the Subject Matter Expert (Commander, Space 
and Naval Warfare Systems Command Space Field Activity).  Additional constituents include 
the Chief of Naval Operations, who is responsible for setting the Navy's graduate education 
policy and for funding NPS, and the students themselves.  The program for each student is of 
major interest to the agency or command that will ultimately be employing that officer or 
government civilian.  As many of the officers receive follow-on assignments to the Space and 
Naval Warfare Systems Command (SPAWAR), the Subject Matter Expert (SME) has a major 
interest in assuring graduates are prepared to technical positions as project managers in Space 
Systems Program Offices.  In addition, the Navy at the highest echelons is interested in 
achieving a maximum return on the investment in an officer’s education.  The student is also a 
key player because he or she is looking for career enhancement and value added for his or her 
investment of time at NPS. 
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2.4 Process for Identifying and Revising Program Educational Objectives 
The Program Educational Objectives are established by the Program Sponsors and Subject 
Matter Experts to ensure graduates are capable of exemplary performance in the job assignments 
for which they are being prepared.  The objectives are reviewed and revised by the sponsors and 
SMEs, with input from the various other constituents on a biennial basis to ensure the program 
continues to meet the needs of the military and government.  The biennial review process is 
formal and rigorous and is typically unmatched in the civilian sector.  The sponsor and SMEs are 
senior-level officers (usually Rear or Vice Admirals).  They visit the Department to receive a 
formal briefing by the Program Officer and the Department Chairman addressing the Program 
Educational Objectives/Educational Skill Requirements (ESRs) and specific course content of 
the program.  The review addresses the course matrix, the breadth and depth of the course 
material and how the material satisfies the stated objectives.  Other topics addressed include the 
need/desirability of covering additional topics or replacing some courses by others to stay within 
the students' time constraints and workloads, the nature and quality of the faculty research 
projects, the nature and extent of faculty/student interactions with sponsoring organizations and 
other Navy/DoD laboratories and contractors, the nature and extent of the Department's seminar 
program and other interactions between the sponsors, SMEs and the Department. 
 
The sponsors also meet with the students to obtain their input on current curriculum quality and 
suggestions for improvements.  In addition to direct feedback from the students during the 
sponsor's review visit he/she also receives inputs gathered in a more formal and systematic way.  
Student Opinion Forms (SOFs) are collected and processed for every course that has 5 or more 
students.  The Program Officer and the Academic Associate and/or the Department Chair 
conduct exit interviews with every graduating student.  The information obtained in this way is 
continually being used by the Department Chair to maintain or improve the program offerings. 
 
As a result of the review process the sponsor may identify specific action items and deadlines for 
completion of the mandated actions.  The final outcome of the review is approval of the 
objectives and detailed requirements by the Program Sponsors and SMEs.  The last review of the 
Astronautical Engineering program was conducted in November, 2004 with results as 
documented in Appendix I.G. The next review is scheduled for 17 July, 2007.  The review and 
feedback process is shown schematically in Figure 2.1. 
 
2.5 Process of Assessing and Evaluating Program Educational Objectives 
Program Educational Objectives are assessed and evaluated in a number of ways.  All 
Astronautical Engineering students are required to complete a graduation survey prior to 
departure.  In addition, in preparation for program reviews, surveys are administered to the 
program’s various constituents including alumni, supervisors of the alumni, program sponsors 
and SMEs.  Examples of the graduation survey and alumni/supervisor survey are provided in 
Appendix I.H.  In addition, personal interviews are often performed by the Program Officer with 
students, alumni and supervisors of our alumni.  Finally, achievement of objectives is also 
directly assessed via student performance.  For example, mastery of program educational 
objectives is directly observed during student oral presentations for the capstone design projects 
and thesis defense briefings as well as during the written thesis review process. 
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Many of the graduates of the NPS Astronautical Engineering Program receive follow-on 
assignments to Space Systems Program Offices in the National Security Space (NSS) 
environment.  The program SME, Commander, SPAWAR Space Field Activity provides 
oversight of most of these officers.  NPS Astronautical Engineering graduates are always highly 
sought after to fill assignments in the NSS arena and a number have been selected for senior 
level positions as Major Program Managers for DoD space programs such as the Mobile User 
Objective System (MUOS) and classified programs at the National Reconnaissance Office 
(NRO).  These officers regularly visit the program to present seminar lectures and participate in 
capstone project design reviews.  As a result, in addition to the formal feedback processes 
identified above, the program receives continual informal feedback on the performance of our 
graduates from the SME and other mid to senior level NSS officials. 
 
The graduation and alumni surveys addressed a number of aspects of program objective 
achievement.  Issues addressed included how well the curriculum has prepared the graduates for 
the job assignments they have had, what curriculum content has been useful in their assignments, 
what content was not of use and what content or topics should have been covered that would 
have been beneficial for the performance of their job assignments.  In addition, the survey 
addressed utility of the thesis and capstone projects and how the curriculum could be improved 
to provide more relevance to the graduate’s career assignments.  The supervisor was asked to 
describe the duties of the alumnus that completed the survey, how well the NPS program 
prepared the employee for his or her present assignment, any perceived shortfalls, and what 
additional program content should be included to better prepare individuals for their assignments.  
Where appropriate, follow-on interviews were conducted to gather further details. 
 
A summary of the most recent survey results is included in Appendix I.H.  In general, survey 
responses were extremely positive, especially from personnel who have held several space-
related assignments.  No inputs were received that indicated the program objectives and detailed 
requirements require significant changes.  In fact, many responses addressed the usefulness of 
the curriculum and specific content.  A number of recommendations were made regarding 
proposed additional content and changes to program structure.  These recommendations are 
being reviewed and considered for incorporation in preparation for the next program review in 
July, 2007. 
 
A number of tables are provided to describe the relationships between the various mission 
statements, requirements and objectives that guide the NPS Astronautical Engineering Program.  
Table 2.1 shows the relationship between the NPS mission and ABET requirements.  Table 2.2 
shows the relationship between the Program Educational Objectives and the NPS mission.  Table 
2.3 shows the relationship between Program Educational Objectives and the ABET requirements.  
Table 2.4 is the Course Matrix for MS Astronautical Engineering.  Table 2.5 shows the 
relationship between Program Educational Objectives and the Course Matrix. 
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Figure 2.1 Program Review and Feedback Process 
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Table 2.1 NPS Mission with ABET Requirements 
 











































(a) Apply Mathematics, 
Science, and 
Engineering 
X X X   X X X X 
(b) Design and Conduct 
Experiments, 
Interpret Data 
X X X   X  X X 
(c) Design 
System, Component or 
Process 




X X X  X X  X X 
(e) Formulate and Solve 
Engineering 
Problems 
X X X   X  X X 
(f) Professional and 
Ethical Responsibilities X X X  X X  X X 
(g) Communicate 
Effectively X X X  X X  X X 
(h) Understand Impact of 
Engineering 
Solutions 
X X X X X X  X X 
(i) Life-long 
Learning X X X X  X  X X 
(j) Contemporary Issues X X X X X X  X X 
(k) Skills and Modern 
Tools for Engineering 
Practice 
X X X  X X X X X 
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Table 2.2 Program Objectives with NPS Mission 
 


































































Advanced Education X X X X X X X X X X X X 
2. 
Research Programs   X        X X 
3. 
Teaching (Expert Faculty) X X X X X X X X X X X X 
4. 








X X X X X X X X X X X X 
7. 
Dept. of the Navy Support   X        X X 
8. 
Enhance National Security X  X          
9. 
Produce Critical Thinkers X X X X X X X X X X X X 
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Table 2.3 Program Educational Objectives with ABET Requirements 

































































X   X X X X X X X X X 













 X X       X X  
(e) Formulate and 
Solve Engineering 
Problems 
X   X X X X X X X X X 
(f) Professional and 
Ethical 
Responsibilities 
 X X          
(g) Communicate 





X X X X X X X X X X X X 
(i) Life-long 
Learning          X X X 
(j) Contemporary 
Issues X X X X X X X X X X  X 
(k) Skills and 
Modern Tools for 
Engineering 
Practice 
X X X X X X X X X X X X 
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Table 2.4 Course Matrix for MS Astronautical Engineering 
 
Engineering Science Refresher Quarter – 460 
 Course Course Course Course Course Course 



























































AE3830 (3-2) * 
Guidance & Control Sp 
SS4000 (0-1) 
Seminar 











Thermal Control of Spacecraft 
Su 










(or PH2351 & 3352) 
F 





Spacecraft Attitude Dynamics & Control 
F 
AE3820 (3-2) * 








(Accel) Spacecraft Design Tools 
W 
SS3051 (4-0) 
(Accel) Space Systems& Operations 
TS/SCI 
SS3001 (3-2) 
(Accel) Military Applications of Space 
W 
SS0810 (0-8) 















(or EC2840 & 3800) 
Sp 
AE4816 (4-0) * 







Spacecraft Design II 
Su 
ME or AE Elective ** 
All 
JPME - NW3230 (4-0) 























Note: * Courses required for Astro track – Advanced Knowledge; Other courses also required for 591-curriculum. 
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Table 2.5 Program Educational Objectives with MSAE Course Matrix 
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3. Program Outcomes and Assessment 
 
3.1 Summary 
This section describes the Program Outcomes established to achieve the Program Educational 
Objectives stated in the previous section.  The relationship between Program Outcomes and 
Program Educational Objectives is also discussed.  The process to assess, evaluate, and revise 
the Program Outcomes is presented.  In particular, the developed Assessment Criteria are 
discussed, and the evaluation of the criteria is presented for each criterion.  This section also 
describes the continuous improvement process for Program Outcomes emphasizing action items 
for improvement.  Finally, a description of relation of Courses to Program Outcomes is 
presented. 
 
3.2 Description of Program Outcomes and Their Relation with Program Educational 
Objective 
The evaluation of the Educational Objectives occurs by determining whether or not the Program 
Objectives have been met.  The typical graduate from the NPS Astronautical Engineering 
curriculum is a career military officer who will, in the future, encounter many technical 
challenges currently unknown by both the student and the faculty.  As a result, the best education 
is believed to consist of a program that will address the fundamentals of engineering and 
scientific principles, including experience in the application of these principles to unique 
Navy/DoD problems and issues. 
 
The Program Outcomes are stated below: 
 
1. Graduating students will have knowledge and skills equivalent to an ABET-
accredited BSAE. 
2. Graduating students will have advanced knowledge in Astronautical Engineering and 
competence in one of the available specialized disciplines of Astronautical 
Engineering. 
3. Graduating students will have high level of communication skills including technical 
writing and oral presentation. 
4. Graduating students will have the ability to independently identify, formulate and 
solve technical and engineering problems in Astronautical Engineering. 
5. Graduating students will have the ability to apply technical knowledge in a leadership 
role related to national security. 
 
The Program Outcomes were established from the Program Educational Objectives.  Table 3.1 
depicts the relationship between each of the Program Educational Objectives and the established 
Program Outcomes. 
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3.3 Process of Identifying and Revising Program Outcomes 
 
The Program Outcomes have been developed by the department faculty to be consistent with the 
program educational objectives, the school's mission, and ABET guidelines.  They represent the 
same Program Outcomes used by the Mechanical Engineering program in order to provide a 
consistent set of metrics for both programs within the Mechanical and Astronautical Engineering 
department. 
 

























and remote Sensing 
X X    
Military Space 






















X X    
Propulsion Systems X X    
Spacecraft Thermal 
Control and Power X X    
Spacecraft Design 
and Integrations X X X X X 
Advanced 




 X X X X 
X indicates the Outcome is derived from the Objective 
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3.4 Process of Assessing and Evaluating Program Outcomes 
In order to assess the Program Outcomes, several Assessment Criteria (AC) were established by 
the faculty.  The relationship between the Assessment Criteria and the Program Outcomes are 
shown in Table 3.2.  There are seven Assessment Criteria as listed below, and each one is 
established to measure the related Program Outcome(s). 
 
Assessment Criteria (AC) 
1. Graduating students will meet ABET-accredited BSAE equivalence. All students will 
complete the BSAE equivalency checklist form that must be approved. 
2. Graduating students will complete one year of study beyond the basic level and 
follow a specialization track in one of the available disciplines of Astronautical 
Engineering.  All students will complete the MSAE degree checklist that must be 
approved. 
3. All MSAE degree recipients will complete and present a thesis.  Thesis evaluation 
consists of the thesis signature page, the thesis distribution statement, and the thesis 
evaluation and rating form. 
4. External/Internal Reviews of the Design Project. 
5. Survey results from Student Opinion Forms (SOFs) and the graduating student exit 
survey. 
6. Survey results from recent graduates and their supervisors. 
7. Program Sponsor evaluations. 
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& Eng. Problems 







   X X X X 
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3.4.1 Assessment Criterion 1 - BSAE Equivalency Checklist 
Assessment Criterion 1 was established to assess Program Outcome 1 as shown in Table 3.2.  In 
order to assess the Outcome, a form called the BSAE Equivalency Checklist was devised and has 
been used to guide each student’s educational progress.  The form, shown in Appendix I.F, is 
prepared by the student with guidance by the Academic Associate.  It is then reviewed and 
approved by the Program Officer (an active-duty Navy officer who oversees student’s academic 
and military performance), the Academic Associate (a faculty member who guides students to 
meet the degree requirements), and the Department Chair. 
 
The form first identifies whether a new student has an ABET accredited BSAE degree from his 
or her undergraduate study.  The student is required to identify the BS degree major, the 
institution, and whether or not the program was ABET accredited.  The form then requires the 
student to list courses taken under the various categories required for ABET certification. 
 
The BSAE Equivalency form contains five sections.  The first section verifies the Mathematics 
requirements.  This section requires a minimum of 24 quarter credit hours (or 16 semester credit 
hours) of college level mathematics.  In addition to checking the total mathematics credit hours, 
the form also checks individual topic courses like Multivariable Calculus, Differential Equations, 
Linear Algebra, and Statistics as stated in the ABET Curriculum Description. 
 
The second section of the BSAE Equivalency form checks the requirements for Basic Sciences 
like chemistry and calculus-based physics.  A minimum of 24 quarter credit hours (or 16 
semester credit hours) of college-level basic science is required. 
 
The third section checks Engineering Sciences.  A minimum of 48-quarter credit hours (or 32 
semester credit hours) is required in subjects other than mathematics and basic science.  These 
Engineering Science courses should complement the technical content of the curriculum and 
provide exposure to statics and dynamics, thermodynamics, fluid mechanics, etc. 
 
The fourth section involves Engineering Design.  A minimum of 24 quarter credit hours (or 16 
semester credit hours) of engineering science and design are required.  In addition, the form 
allows for "other" course credit to account for a major design experience at the advanced 
undergraduate level. 
 
The last section of the BSAE Equivalency form checks for humanity and non-engineering 
courses.  A minimum of 24 quarter credit hours (or 16 semester credit hours) of humanities is 
required. 
 
Approved BSAE Equivalency forms for past graduates have been archived by the department. 
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3.4.2 Assessment Criterion 2 - MSAE Equivalency Checklist 
Assessment Criterion #2 was established to assess Program Outcome #2 as shown in Table 3.2.  
In order to assess the Outcome, the BSAE Equivalency form is reviewed by the student and 
Academic Associate to insure that the Mechanical and Astronautical Engineering Department 
requirements have been met for the MSAE degree.  The form is then reviewed and approved by 
the Program Officer, Academic Associate, and Department Chair. 
 
The form checks the overall credit requirements for the MSAE degree which have been 
established by NPS.  To earn the MSAE degree, the student must complete at least 32-quarter 
hours of graduate level credits.  At least 12-quarter hours must be at the 4000 level and at least 
24 quarter hours must be in courses offered by the Mechanical and Astronautical Engineering 
Department.  It is also verified that no dual counting of any 3000 or 4000 level courses occurs 
between the MSAE requirement and the BSAE equivalency requirement. 
 
In addition, the Mechanical and Astronautical Engineering Department requires students to 
check their competency in the advanced level by taking two 4000 level courses in a specialty 
track offered by the department. 
 
3.4.3 Assessment Criterion 3 - Thesis Evaluation 
Assessment Criterion #3 is also a direct assessment technique and it was established to assess 
Program Outcomes #3 and #4 as shown in Table 3.2.  In order to assess the Outcome, the Thesis 
Evaluation and Rating Form has been used and is provided in Appendix I.D.  Each student 
selects his or her thesis topic after discussion with various faculty members.  Once the thesis 
topic is selected, a thesis proposal form is filled out by the student, and the form is approved by 
the Thesis Advisor, Academic Associate, Program Officer, and Department Chair. 
 
After completion of the thesis work, the student writes a written thesis and presents his findings 
to students, faculty, and other guests.  The written thesis is approved by the Thesis Advisor and 
Department Chair. 
 
Finally, the Thesis Advisor evaluates the student thesis in terms of (1) Academic level 
competence, (2) Scientific or technical merit of the thesis, (3) Defense relevance, (4) Written 
communication, and (5) Oral communication.  This evaluation is confidential to the students.  At 
the end of each quarter, this form is collected from all thesis advisors.  In order to make sure the 
form is completed, the faculty approved that the Department Chair will not sign off each student 
thesis unless the form is filled out and submitted with the thesis. 
 
The collected assessment forms have been summarized by one responsible faculty member, and 
presented at the faculty meetings for evaluation and improvement.  The summarized results of 
the collected data are shown in Table 3.3. 
 
The survey was not performed when the Astronautical Engineering curriculum was within the 
Department of Aeronautical and Astronautical Engineering.  It has been in place for just over one 
year since the Astronautical Engineering curriculum was combined within the Department of 
Mechanical and Astronautical Engineering and will continue in order to provide historical data 
on thesis quality for future reviews. 




Table 3.3 Compiled Data from Thesis Evaluation Assessment 
 
AVERAGE 
Adv. Level Sci/Tech Defense Written Oral Graduation Date 
Competence Tech Relevance Comm. Comm. 
Number of
Students 
06-Jun 4 4 4 3 3 1 
06-Sep 4 4 4 4 3 1 
06-Dec 3.75 3.88 4.13 3.75 3.75 9 
Avg 3.78 3.89 4.11 3.78 3.78 4.33 
 
Note: 5-Oustanding; 4-Excellent; 3-Satisfactory; 2-Fair; 1-Poor 
 
3.4.4 Assessment Criterion 4 – Design Reviews 
Assessment Criteria #4 involves the internal and external review of the capstone design project.  
The internal review team participates throughout the spacecraft design course and during the 
presentation of the final review.  In addition, external reviewers with extensive experience in 
space system design provide comments following the final review presentation.  Students also 
provide feedback about the course via the Exit Survey and during the Exit Interview and alumni 
via the graduate survey. 
 
3.4.5 Assessment Criterion 5 – Exit Surveys and SOF’s 
As shown in Table 3.2, Assessment Criterion 5 was established to assess Program Outcomes 3, 4 
and 5.  This assessment criterion employs direct assessment techniques including Student 
Opinion Forms (SOFs), which all students are required to submit upon completion of each 
course and an Exit Survey administered to all graduating students.  Copies of the SOFs and Exit 
Surveys are provided in Appendices I.H and I.D, respectively. 
 
The Student Opinion Forms (SOFs) provide the opportunity for students to assess overall course 
quality and instructor performance.  Students are asked to provide quantitative assessments in 16 
separate areas and also have the option to enter written comments.  Specifically, the SOF forms 
address issues such as: 
- how well the course was organized 
- whether objectives for the course were made clear 
- whether time in class was spent effectively 
- the instructor’s knowledge of the subject 
- whether the instructor was prepared for class and was able to explain difficult concepts 
- whether the instructor stimulated interest in the subject area  
- whether the student felt free to ask questions 
 
SOFs enable the students to provide an input regarding how well courses have prepared them 
to meet program outcomes such as the ability to independently identify, formulate and solve 
technical and engineering problems and the ability to apply technical knowledge in a 
leadership role related to national security.  The SOFs are administered via the on-line 
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Python Education Management System.  Results for specific courses are available on-line 
and can be accessed by the instructors of those courses as well as Program Officers, 
Department Chairs and appropriate members of the NPS Administration. 
 
Feedback obtained from the SOFs is used to modify the Astronautical Engineering program 
to better achieve program outcomes in several different ways.  For example, comments on 
instructor performance are used by the instructors themselves to improve their own teaching 
skills.  In addition, SOF feedback is used by Dept and NPS leadership to identify and address 
instructional issues and can be used to modify teaching assignments by the Department 
Chair.  SOF ratings are also used in promotion and tenure decisions by the Department Chair, 
Faculty Promotion Committee, Dean and Provost.  Comments on course content and 
structure are used as inputs to modify courses to ensure necessary material is covered 
effectively.  Examples of changes made to courses are provided in section 3.4.8 - Examples 
of Assessment of Outcomes, Evaluation of Outcomes, and Department Response. 
 
The Exit Survey administered to graduating students provides an additional opportunity for 
students to provide feedback on various aspects of the Astronautical Engineering program 
including instructor performance, course and laboratory quality and relevance, quality and 
condition of facilities, institutional support and other areas relevant to program quality.  A 
summary of Student Exit Survey comments for the Astronautical Engineering program from 
September 2003 to the present is provided in Appendix I.D.  As with the SOFs, Exit Survey 
inputs are used to modify the Astronautical Engineering program to better achieve program 
outcomes in several different ways.  Comments on course content and structure are used as 
inputs to modify courses to ensure necessary material is covered effectively while comments 
on facilities and support functions are passed to appropriate authorities for necessary action.  
Examples of actions taken to address issues identified in the Exit Surveys are also provided 
in section 3.4.8. 
 
3.4.6 Assessment Criterion 6 – Alumni & Supervisor Survey 
As shown in Table 3.2, Assessment Criterion 6 is utilized to assess Program Outcomes 2, 3, 4 
and 5.  This assessment criterion employs direct assessment via an Alumni and Supervisor 
Survey, which is sent to numerous program graduates and their supervisors prior to the biannual 
Program Review.  A copy of the most recent Alumni and Supervisor Survey is provided in 
Appendix I.H. 
 
The Alumni and Supervisor Survey provides the opportunity for graduates to provide feedback 
on how well the curriculum prepared them for the job assignments they have held in the National 
Security Space arena since graduating from the program.  The survey addresses a number of 
aspects of program outcome achievement including the graduates’ ability to apply technical 
knowledge in a leadership role related to national security and their ability to independently 
identify, formulate and solve technical and engineering problems in Astronautical Engineering.  
Specific issues addressed included what curriculum content has been useful in their assignments, 
what content was not of use and what advanced knowledge/specialized discipline content or 
topics should have been covered that would have been beneficial for the performance of their job 
assignments.  In addition, the survey addresses utility of the thesis and capstone projects and how 
the curriculum can be improved to provide more relevance to the graduate’s career assignments. 
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The portion of the survey addressed to the supervisor requests that individual to describe the 
duties of the alumnus that completed the survey, how well the NPS program prepared the 
employee for his or her present assignment, any perceived shortfalls, and what additional 
advanced knowledge/specialized discipline content should be included in the program to better 
prepare individuals for their assignments.  Where appropriate, follow-on interviews are 
conducted to gather further details. 
 
A summary of the most recent Alumni and Supervisor Survey results is included in Appendix 
I.H.  In general, survey responses were extremely positive, especially from personnel who have 
held several space-related assignments.  No inputs were received that indicated the program 
outcomes are not being met.  In fact, many responses addressed the enormous value of the 
curriculum and the specific program content.  A number of recommendations were made 
regarding proposed additional content and changes to program structure.  Some of these issues 
identified are addressed in the examples provided in section 3.4.8.  Other recommendations are 
being reviewed and considered for incorporation in preparation for the next program review in 
July, 2007. 
 
3.4.7 Assessment Criterion 7 – Program Sponsor Evaluation 
Assessment Criterion 7 is utilized to assess Program Outcomes 2, 3, 4 and 5 as shown in Table 
3.2.  This assessment criterion employs direct feedback from the Program Sponsor/Subject 
Matter Expert (SME), Commander, SPAWAR Space Field Activity (SSFA).  The Commander, 
SSFA is a Navy Admiral who manages all Navy space system research, development and 
acquisition programs.  Consequently, he oversees most graduating officers from the NPS 
Astronautical Engineering program who are engaged in the application of technical knowledge in 
a leadership role related to national security.  In this role, he, along with other senior officers and 
civilian personnel in his leadership team are able to directly observe the capabilities of graduates 
from the NPS AE program. 
 
The Commander, SSFA participates directly in the biennial Astronautical Engineering program 
reviews discussed in section 2.4.  Throughout the preparation process for the formal review, the 
Sponsor/SME is able to provide feedback on any concerns developed since the preceding review.  
In addition, the actual review itself provides a formal venue to discuss any concerns the 
Sponsor/SME might have regarding preparation of AE program graduates to meet the demands 
of the highly technical positions to which they are assigned in Space Systems Program Offices 
within the National Security Space environment.  The review addresses the course matrix, the 
breadth and depth of the course material and how well the material meets needs for knowledge in 
advanced topics and specialized disciplines.  Other topics addressed include the need/desirability 
of covering additional topics or replacing some courses by others to stay within the students' time 
constraints and workloads, the nature and quality of the faculty/student research projects, the 
nature and extent of faculty/student interactions with sponsoring organizations and other 
Navy/DoD laboratories and contractors, the nature and extent of the Department's seminar 
program and other interactions between the sponsors, SMEs and the Department.  During the 
review process, the sponsors also meet with the students to obtain their input on current 
curriculum quality and suggestions for improvements. 
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The program review process provides the Sponsor/SME with a significant opportunity to 
provide feedback on his/her assessment of the graduates’ ability to apply technical 
knowledge in a leadership role related to national security.  The Sponsor/SME is also able to 
provide first-hand experience regarding the graduates’ ability to independently identify, 
formulate and solve technical and engineering problems in Astronautical Engineering and 
their level of communication skills.  As a result of the review process the sponsor may 
identify specific action items and deadlines for completion of the mandated actions.  The 
final outcome of the review is approval of the program objectives and detailed requirements 
by the Program Sponsor/SME and verification that desired outcomes are being met.  The last 
review of the Astronautical Engineering program was conducted in November, 2004 with 
results as documented in Appendix I.G.  The next review is scheduled for 17 July, 2007.  The 
review and feedback process is shown schematically in Figure 2.1. 
 
In addition to the formal review process, the program receives informal feedback on the 
performance of our graduates on a regular basis from the Sponsor/SME and other mid to senior 
level NSS officials.  Many of the graduates of the NPS Astronautical Engineering Program 
receive follow-on assignments to Space Systems Program Offices in the National Security Space 
(NSS) environment.  NPS Astronautical Engineering graduates are always highly sought after to 
fill assignments in the NSS arena and a number have been selected for senior level positions as 
Major Program Managers for DoD space programs such as the Mobile User Objective System 
(MUOS) and classified programs at the National Reconnaissance Office (NRO).  These officers 
regularly visit the program to present seminar lectures and participate in capstone project design 
reviews.  During these visits, the senior-level officers are provided the opportunity to provide 
feedback regarding the performance of NPS AE graduates in their Program Offices. 
 
3.4.8 Examples of Assessment of Outcomes, Evaluation of Outcomes, and Department 
Response 
 
AE3804 Thermal Control of Spacecraft 
Based on Student Opinion Form (SOF) and Exit Survey inputs, the course is being modified to 
include more practical applications to real-world space missions.  Changes will be implemented 
during the summer of 2007. 
 
AE3815 Introduction to Spacecraft Dynamics 
Based on Student Opinion Form (SOF) and Exit Survey inputs, the course instructor, Dr. 
Romano, has introduced additional examples on practical applications to real-world space 
missions. 
 
AE3818 Spacecraft Attitude Dynamics and Control 
Based on Student Opinion Form (SOF) and Exit Survey inputs, the course instructor, Dr. 
Romano, has increased emphasis on attitude determination by including materials regarding 
Kalman filtering for attitude determination.  Furthermore, additional examples on practical 
applications to real-world space missions have been included in the course lectures. 
 
AE3820 Dynamics of Space Systems 
Based on Student Opinion Form (SOF) and Exit Survey inputs, the course instructor, Dr. 
Romano, has eliminated duplication of material with respect to AE 3815 and AE 3818. 
Department of Mechanical and Astronautical Engineering     Self Study Report 
 
 30
AE4871 Spacecraft Design and Integration II 
AE4871 is a team spacecraft design course.  The students are required to present midterm and 
final reviews and in the presentation of the final review, external reviewers with extensive 
experience in space system design evaluate the design and provide comments.  Students also 
provide feedback on the course through an exit survey and interview and alumni provide 
feedback through a graduate survey. 
 
Feed Back from External Reviewers 
The external reviewers in general have been very positive about the knowledge the students 
demonstrate in their presentation and the responses to reviewer questions.  The presentation 
reveals student depth of knowledge in each subsystem and in the overall design and integration 
process.  Recent reviewers have emphasized that presentations for each subsystem should 
include clear performance requirements, the source of these performance requirements and the 
verification process for performance.  Students have been improving in this area.  However, 
deficiencies have been observed in two areas: 
 
Spacecraft Cost Estimation and Ground Segment 
The project did not incorporate a statistical approach in spacecraft cost estimation and also did 
not include the design and cost of the ground segment. 
 
Action by Department 
To correct deficiencies in spacecraft cost estimation, students are introduced to spacecraft cost 
estimating software from Aerospace, NASA, and the USAF in AE 3870.  Statistical estimation 
of spacecraft cost based on confidence level is also introduced.  Mentors who perform cost 
estimating for DoD spacecraft programs are introduced to the students and they provide lectures 
and mentoring during the AE 4871 project.  This action has resulted in recent positive responses 
from reviewers on the spacecraft cost estimation process. 
 
The MSAE program students focus on the space segment.  Generally, existing ground systems 
are assumed in the design project.  Since NPS also has a Space Systems Operations curriculum, 
these students focus on the operation of both the space and ground segments of a system.  
Discussions have been held regarding the potential to integrate Space Systems Operations 
students into AE4871 to focus on the ground segment.  However, due to scheduling conflicts and 
program objective issues, we have not been able to implement that proposal yet. 
 
Feed Back from Students 
Students are very positive about the design experience in this course and take great pride in their 
work and the presentation to senior DoD space experts.  However, they complain that it takes 
more than normal time for a course, sometimes at the expense of other courses or even their 
theses.  Students have also identified some weaknesses in the subsystem courses in preparing 
them for this course. 
 
Action Taken by the Department 
To reduce student time demands during AE4871, the project sponsor and initial performance 
requirements are defined in AE 3870, six months earlier.  During AE 4870, students spend 25% 
of their time on the design project.  These actions have reduced this concern.  The feedback on 
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deficiencies in the subsystem courses is provided to the instructors of those courses.  In some 
cases, instructors have been changed. 
 
Feedback from Alumni 
Alumni provide very positive feedback on the impact of the AE 4871 design experience in 
performing their space jobs.  As an example, in response to the question regarding what courses 
were especially useful in an alumni’s space job, the response was orbital mechanics provided the 
greatest utility and the satellite design sequence was second.  One alumnus commented “Cannot 
overemphasize the importance of team projects.  Graduates will undoubtedly work in an IPT of 
one sort or another, and the more exposure they have with participating and leading teams the 
better.” 
 
AE4816 Dynamics and Control of Smart Structures 
Feedback from the sponsor 
The sponsor identified that one of the key technology areas for future DoD satellites will be 
spacecraft with large flexible apertures and fine pointing requirements.  Examples include space 
based radar and large flexible mirrors for imaging satellites in higher orbits.  The MSAE 
program did not have a course that emphasized this area.  While AE4816 emphasized dynamics 
and control of flexible structures by smart actuators, it did not address attitude control of flexible 
spacecraft. 
 
Action Taken by the Department 
The course AE4816 was modified to include integration of flexibility into spacecraft rigid body 
equations of motion and notch filtering to avoid interaction between structures and attitude 
control systems.  The course title was also changed to Dynamics and Control of Space Structures.  
Recent alumni find the knowledge gained in this course quite useful in performing their space 
jobs. 
 
3.5 Continuous Improvement Process for Program Outcomes 
Based on the assessment of the program Outcomes as discussed above, numerous actions have 
been taken to improve the NPS Astronautical Engineering program.  In addition to the actions 
specified in section 3.4.8, further actions are summarized below. 
 
Actions Taken To Improve the Degree Program 
• Some courses have implemented a written term report even at 2000 or 3000 levels to 
provide opportunities to students to practice their written communication skills in 
technical contents. Along similar lines, in many of our courses we require that the 
students give short presentations. 
• It was decided that the Thesis Evaluation form must be filed before the Chairman can 
sign-off on a thesis.  This policy has been implemented for about a year.  As a result, 
availability of data has greatly improved. 
• A very aggressive lab recapitalization plan is in progress. A department committee 
solicited input from all faculty members with regards to their priorities and justification. 
These were further prioritized by the Department Chair and forwarded to the Dean for 
funding. 
 




• A Space Systems/Astronautical Engineering program orientation session has been 
implemented for new students. This session provides the students with an overview of the 
program including composition of course matrices, track options, potential electives and 
various administrative processes including validation and add/drop procedures. 
• Several seminar sessions have been added to address thesis requirements, research topic 
selection, the thesis topic approval process and available research areas.  In addition, a 
website listing available/suggested research topics was created. 
• A dedicated study area has been created for Astronautical Engineering/Space Systems 
students.  Lack of a study area was listed in numerous Exit Surveys in 2005 as the most 
significant issue for students.  The study area includes individual cubicles for 
independent student study, numerous computer systems for student use and a group study 
area to facilitate group project work. 
 
There were other concerns and inputs for potential improvement of the educational program as 
noted previously.  However, in order to maintain stability of the educational program, the faculty 
decided to monitor concerns for a longer period before any further action would be taken. 
 
3.6 Relation of Courses to Program Outcomes 
The course contents were reviewed to meet the program Outcomes.  In general, 2000 and 3000 
level courses offered in the department are used to meet the BSAE equivalency.  As a result, 
those courses were reviewed and checked against the ABET BSAE requirements (a) to (k) as 
stated below. 
 
(a) The following mandatory AE courses require the student to demonstrate an ability to 
apply knowledge of mathematics, science, and engineering: 
AE2440 Introduction to Digital Computation 
AE2820 Introduction to Spacecraft Structures 
AE3804 Thermal Control of Spacecraft 
AE3811 Space Systems Laboratory 
AE3815 Introduction to Spacecraft Dynamics 
AE3818 Spacecraft Attitude Dynamics and Control 
AE3820 Dynamics of Space Systems 
AE3830 Spacecraft Guidance and Control 
AE3851 Spacecraft Propulsion 
AE3870 Computational Tools for Spacecraft Design 
AE4816 Dynamics and Control of Space Structures 
AE4850 Astrodynamic Optimization 
AE4870 Spacecraft Design and Integration I 
AE4871 Spacecraft Design and Integration II 
ME3521 Mechanical Vibration 
 
(b) The following mandatory AE courses require the student to demonstrate an ability to 
design and conduct experiments and simulations, as well as to analyze and interpret data: 
AE2820 Introduction to Spacecraft Structures 
AE3804 Thermal Control of Spacecraft 




AE3811 Space Systems Laboratory 
AE3815 Introduction to Spacecraft Dynamics 
AE3818 Spacecraft Attitude Dynamics and Control 
AE3820 Dynamics of Space Systems 
AE3830 Spacecraft Guidance and Control 
AE3870 Computational Tools for Spacecraft Design 
AE4816 Dynamics and Control of Space Structures 
AE4850 Astrodynamic Optimization 
AE4870 Spacecraft Design and Integration I 
AE4871 Spacecraft Design and Integration II 
ME3521 Mechanical Vibration 
 
(c) The following mandatory AE courses require the student to demonstrate an ability to 
design a system, component, or process to meet desired needs: 
AE2820 Introduction to Spacecraft Structures 
AE3804 Thermal Control of Spacecraft 
AE3811 Space Systems Laboratory 
AE3818 Spacecraft Attitude Dynamics and Control 
AE3830 Spacecraft Guidance and Control 
AE3870 Computational Tools for Spacecraft Design 
AE4816 Dynamics and Control of Space Structures 
AE4850 Astrodynamic Optimization 
AE4870 Spacecraft Design and Integration I 
AE4871 Spacecraft Design and Integration II 
ME3521 Mechanical Vibration 
 
(d) The following mandatory AE courses require the student to demonstrate an ability to 
function on multi-disciplinary teams: 
AE4870 Spacecraft Design and Integration I 
AE4871 Spacecraft Design and Integration II 
 
(e) The following mandatory AE courses require the student to demonstrate an ability to 
identify, formulate, and solve engineering problems: 
AE2440 Introduction to Digital Computation 
AE2820 Introduction to Spacecraft Structures 
AE3804 Thermal Control of Spacecraft 
AE3811 Space Systems Laboratory 
AE3815 Introduction to Spacecraft Dynamics 
AE3818 Spacecraft Attitude Dynamics and Control 
AE3820 Dynamics of Space Systems 
AE3830 Spacecraft Guidance and Control 
AE3851 Spacecraft Propulsion 
AE3870 Computational Tools for Spacecraft Design 
AE4816 Dynamics and Control of Space Structures 
AE4850 Astrodynamic Optimization 
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AE4870 Spacecraft Design and Integration I 
AE4871 Spacecraft Design and Integration II 
ME3521 Mechanical Vibration 
 
Furthermore, ABET requires that the student demonstrate the following abilities: 
 
(f) An understanding of professional and ethical responsibility: 
NPS graduates are mature professional military officers who have received intensive 
indoctrination about their obligation to demonstrate professional and ethical responsibility prior 
to entering NPS.  Therefore, no special course has been deemed necessary to reinforce this 
obligation while at NPS. 
 
(g) An ability to communicate effectively: 
AE students are required to give formal presentations at the end of their design and thesis 
projects.  Furthermore, in some classes (e.g., AE4871, AE3811) they are required to make 
additional presentations.  It should also be noted that NPS students are mature military officers 
who are routinely required to communicate effectively in their assignments prior to entering NPS. 
 
(h) Demonstrate the broad education necessary to understand the impact of engineering 
solutions in a global and societal context: 
AE students are constantly being confronted during their career as military officers with the 
impact of various engineering solutions on the timely and resource-efficient development of 
effective weapons systems and their impact, in turn, on the United States' ability to influence 
global developments. 
 
(i) Demonstrate recognition of the need for, and an ability to engage in life-long learning: 
AE graduates are well aware of the need for constant learning in order to keep pace with changes 
in military technology and warfare methods, weapons development and acquisition changes in 
the Department of Defense, changes in the global military and political structure etc., as they 
reach positions of increasing responsibility.  Education and training are intrinsic to their military 
careers. 
 
(j) Demonstrate knowledge of contemporary issues in engineering: 
Currently, there is no special course to inform the AE students about contemporary issues in 
engineering.  However, these issues are often topics discussed in the AE seminars and as part of 
AE courses. 
 
(k) Demonstrate an ability to use the techniques, skills, and modern engineering tools 
necessary for engineering practice: 
The AE students demonstrate this ability in the capstone design and thesis projects. 
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4. Professional Component 
 
4.1 Summary 
It is the purpose of this criterion to demonstrate that the curriculum “bridges” topics in college 
level mathematics and basic sciences to engineering practice via the engineering science and 
design experience of the core curriculum. 
 
Without prescribing the specific courses, ABET Criteria require that the professional component 
must include: 
a) One year of a combination of college level mathematics and basic sciences (some 
with experimental experience) appropriate to the discipline; 
b) One and half years of engineering topics, consisting of engineering sciences and 
engineering design appropriate to the student’s field of study; 
c) General education component that complements the technical content of the 
curriculum and is consistent with the program and institutional objectives. 
 
A discussion of how the MSAE program satisfies this criterion follows: Supporting information 
is provided in Table 4.1.  Course Syllabi are provided in Appendix I.B. 
 
Astronautics students at NPS are not expected to enter engineering practice in the same manner 
that civilian engineers would.  Our students function primarily as program managers/project 
engineers and users of complex engineering systems and therefore need to be schooled as much 
in breadth as in depth.  Our students must be able to interact with specialists across all ranges of 
engineering disciplines and the objective of our program is to present sufficient depth for proper 
understanding. 
 
Therefore, the astronautical engineering curriculum is structured to cover the major astronautical 
disciplines.  Further, the program provides a substantial laboratory experience both through 
course work, including one dedicated laboratory course, AE3811, and through thesis research.  
Every student is required to participate in three design sequence courses.  The large majority of 
students take courses exceeding the 36 credit hours needed for the Master’s degree.  This is 
particularly true for USN officers who are required to satisfy the Education Skill Requirements 
(ESRs). 
 
4.2 College Level Mathematics and Basic Sciences 
As indicated in Table 4.1, students typically take 56 credit hours in college level mathematics 
and basic science courses.  The minimum required is 32 credit hours. 
 
4.3 General Education Requirements 
As indicated in Table 4.1, there are two courses included for general education.  In addition, 
topics of general nature are addressed in the President’s guest lectures and in weekly SSAG 
seminars.  Typical seminar speakers include DoD and aerospace industry experts.  Attendance at 
these seminars is mandatory.  Furthermore, most students are required to take the JPME (Joint 
Professional Military Education) courses which provides them with additional general education 
content (non-technical exposure, albeit with a strong military emphasis). 
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4.4 Engineering Topics within the Professional components 
As indicated in Table 4.1, students typically take 90 credit hours of courses covering engineering 
topics.  The minimum required is 48 hours. 
 
4.5 Required Design Experiences 
The students are required to take a three course design sequence which includes AE3870 
Computational Tools for Spacecraft Design (2-4), AE4870 Spacecraft Design and Integration I 
(4-0), and AE4871 Spacecraft Design and Integration II (2-4).  In AE 3870 during the Winter 
Quarter, students become familiar with spacecraft design tools.  NPS has a Spacecraft Design 
Laboratory dedicated to MSAE students for design courses.  The laboratory has computer-aided 
spacecraft design tools and a spacecraft design library.  The laboratory includes Aerospace 
Corporation Conceptual Design Center tools for conceptual spacecraft design.  Aerospace uses 
these tools extensively to determine the feasibility of new space systems by performing 
conceptual designs which include mass and cost estimates.  The program is Excel based.  Each 
subsystem engineer works on his/her subsystem and the information from the subsystem 
engineers is sent to the system engineer.  The system engineer integrates the information and 
sends it back to subsystem engineers for the next iteration.  The process is continued until the 
design is stabilized. 
 
At NPS, the Spacecraft Design Center has fifteen workstations.  The students learn the use of the 
design tools in AE3870.  Aerospace Engineers come to NPS to demonstrate the use of this 
system engineering software.  During AE3870, the students form the team for the AE 4871 
spacecraft design team project, the project is identified and preliminary performance 
requirements are provided by the sponsor.  The project is generally focused on design of a future 
military space system under consideration and the sponsor is from a DoD organization.  During 
this course students become familiar with the spacecraft cost estimating software from 
Aerospace, NASA, and the USAF.  The students also become familiar with spacecraft subsystem 
design tools.  The emphasis is to become familiar with complex programs such as NASTRAN 
and IDEAS for thermal and structural design.  Since the team assignments for AE4870 are 
finalized early, subsystem engineers can start focusing on the tools used for their subsystem 
design.  In this course, mentors from Aerospace are also identified for each subsystem. 
 
In AE4870 during the Spring Quarter, students learn the principles of spacecraft design, the 
configuration of spacecraft, subsystem designs, the interdependency of spacecraft subsystems in 
the design process, launch vehicles and mass and power estimation.  In the subsystem courses 
the emphasis is on basic principles and in this course the emphasis is on design and trade-offs.  
This course includes an individual spacecraft design project to help students understand the 
design process, subsystem design and the interdependency of subsystem designs.  The emphasis 
is on military geosynchronous communications satellites.  The students spend some time 
working on the AE4871 team spacecraft design project to finalize requirements and initiate the 
conceptual design. 
 
In AE4871, students execute the team spacecraft design project to satisfy the performance 
requirements provided by the sponsor, normally for a future DoD space mission.  In AE3870 and 
AE4870, students devote some time to finalize the requirements.  In AE4871 they perform the 
actual spacecraft design.  The team typically consists of a Project Manager, System Engineer, 
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Subsystem Engineers and a Test and Cost Engineer.  The Project Manager has overall 
responsibility for the project, including schedules, design reviews and the final report.  The 
System Engineer is responsible for the spacecraft configuration, subsystem integration, and 
system trade-offs.  The instructor role is to define the scope, review the progress of the project, 
provide guidance on technical issues and interface with the sponsor.  If the sponsor does not 
provide input in time, the instructor will make decisions on the requirements.  It is emphasized 
that the educational objectives of the course are the primary importance.  For the past five years, 
the Aerospace Corporation has provided a mentor in each area.  Space industry partners and 
national laboratories also provide mentors in special areas.  The course has three milestones: 
Finalization of Requirements, Mid-term Review and Final Review. 
 
In the Finalization of Requirements, the requirements are approved.  After this, students start 
working on alternative design configurations, subsystems designs and system design trade-offs to 
meet the required performance considering cost and reliability.  In the Mid-term Review, 
students present system and subsystem trade-offs, selected subsystem designs and proposed 
spacecraft configuration to the sponsor and mentors from Aerospace and obtain approval to 
continue the design process.  After the Mid-term Review, the students perform detailed 
subsystem designs using appropriate design tools, selection of components and suppliers, size, 
weight and power estimations, determination of component locations on the spacecraft and 
analyses to demonstrate that the performance criteria are met.  In the Final Review, which 
normally lasts two hours, the students provide a comprehensive presentation on the spacecraft 
design to the external reviewers, including the sponsor, Aerospace Corp, DoD, and space 
industry representatives.  The reviewers generally have extensive experience in space systems 
and provide oral and written comments to the students.  This course is very well regarded in DoD 
and the National Security Space community and several organizations have come to NPS to have 
our students determine the feasibility of future missions.  In some cases, these organizations 
provide funding for additional research.  Tables 4.2 and 4.3 provide a list of design projects in 
the past and a list of external reviewers for one recent project, space based radar as an example. 
 
The AE students also have the opportunity to work on the design, development, and testing of 
small satellites within SSAG laboratories. 
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Table 4.1 Basic-Level Curriculum for Astronautical Engineering 
 
 





(Department, Number, Title) 
Math & Basic 






AE2440 Digital Computation 4 (   )   
MA2043 Matrix Algebra 4 (   )   
MA1115 Multi-Variable Calc. 4 (   )   
MA1116 Vector Calculus 4 (   )   
PH1001 Mechanics 5 (   )   
NW3230 Strategy and Policy  (   ) 4  
EO2525 Analysis of Communication Signals  4.5                (   )   
MA2121 Differential Equations 4 (   )   
MA3046 Matrix Analysis 4.5 (   )   
PH1002 Electricity & Magnetism 5 (   )   
AE2820 Spacecraft Structures  4                  (9)   
EO3525 Communication Engineering  5                  (   )   
PH2514 Space Environment 4 (   )   
SS3500 Orbital Mech. and Launch Systems 5 (   )   
AE3811 Space Systems Laboratory  3                  (   )   
AE3815 Spacecraft Dynamics  4                  (9)   
EC2820 Digital Logic Circuits  4                  (   )   
PH3052 Remote Sensing 4 (   )   
ME3521 Mechanical Vibrations  4                  (   )   
AE3851 Spacecraft Propulsion  4                  (9)   
EC2300 Controls  4                  (   )   
AE3804 Thermal Control of Spacecraft  3                  (9)   
AE3820 Space Systems Dynamics  4                  (9)   
AE3818 S/C Attitude Dynamics and Control  4                  (9)   
AE3830 Guidance and Control  4                  (   )     
PH3360 EM Waves 4.5 (   )   
SS3035 Microprocessors  4                  (9)   
SS3051 Space Systems and Operations (Acc)  4                      )   
AE3870 S/C Design Tools (Acc.)  3                  (9)   
EC3230 Space Power   3.5                 (   )   
SS3001 Military Application of Space (Acc.) 4 (   )   
SS0810 Thesis Experience Tour  9                  (9)   
AE4870 Spacecraft Design I  4                  (9)   
AE4871 Spacecraft Design II  3                  (9)   
AE4850 Astrodynamic Optimization  4                  (9)   
AE4816 Dyn. & Control of Space Structures  4                  (9)   
MN3331 System Acq. and Prgm. Mgmt.   5.5  
Totals - ABET Basic Level Requirements 56 90 9.5  
Percent of Total 36.01% 57.88% 6.11%  
Minimum quarter credit hours 32 hrs 48 hrs   Totals must satisfy 
one set Minimum percentage 25% 37.5 %   
* Not Including Electives 




Table 4.2 Reviewers for Space Based Radar Project, 2002 
 
 
• Major General Robert Dickman (Retd.), US Air Force, Executive Director, AIAA 
• Ms. Tracy Malone (IMINT Directorate, NRO) 
• Mr. Will Troxell (IMINT Directorate, NRO) 
• Mr. Bernard Collins (IMINT Directorate, NRO) 
• CAPT Al Scott (IMINT Directorate, NRO) 
• LCDR Mike Rayfield (SIGINT Directorate, NRO) 
• LCDR Kurt Allred (SIGINT Directorate, NRO) 
• Dr. Joe Strada (Aerospace Corp.) 
• Mr. Bill Hiatt (Aerospace Corp.) 
• Mr. Mark Miller (Aerospace Corp.) 
• Mr. Joseph Aguilar (Aerospace Corp.) 
• Mr. Frank Schawan (Lockheed Martin) 
• Mr. Rand Hyden (Lockheed Martin) 
• Mr. Abbas Salim (Lockheed Martin) 
• Dr. Mason Peck (Honeywell) 
• Mr. David Rohweller (TRW) 
• Mr. Eric G. Butte (Loral) 
 
 
Table 4.3 Spacecraft Design Projects 
 
 
• Space Situational Awareness (Watchdog) - 2006 (Sponsor: AFRL) 
• Trailer Sat – 2005 (Sponsor: AFRL) 
• Advanced Polar Satellite - 2003 (Sponsor: NRO-Aerospace) 
• Space Based Radar – 2002 (Sponsor: AFRL/NRO) 
• Guardian Spacecraft (EHF communications satellites in LEO with classified Payload) - 
2001 (Sponsor: NRO) 
• Mithra Bifocal Relay Mirror Satellite - 2000 (Sponsor: AFRL) 
• NPSAT - 1 (Multi-spectral Imagery) - 1999 
• NPS Space Based Radar Spacecraft - 1998 (Sponsor: NRO) 
• MEO UHF Satellite Constellation for robust Assured Telecommunications - Summer 
1997 (Sponsor - Navy) 
• EHF Satellite (classified payload) – Summer 1997 (Sponsor-NRO) 
• Multiple Asteroid Explorer - Winter 1997 (Sponsor-AIAA) 
• Spectral Sensing Space System - 1996 (Sponsor-Air Force) 
 
 





Careful review of the faculty information provided throughout this self-study clearly shows that 
the AE faculty members are accomplished scholars with excellent records of research funding 
and publication, and take active part in university and professional activities. 
 
Since the last review there has been no change in the number of faculty supporting the program.  
Prof. Brij Agrawal, Prof. Mike Ross and Prof. Marcelo Romano are the core faculty supporting 
the program full time.  Prof. Marcello Romano replaced Prof. Michael Spencer who left NPS in 
2003.  These professors are very well recognized.  Since the last review, Prof. Agrawal was 
awarded the title of Distinguished Professor by NPS in 2002 and the Hamming Interdisciplinary 
Innovation award in 2007.  Prof. Ross was promoted to full professor and received two 
prestigious NRO Director’s Innovation Initiative (DII) awards in 2006.  Prof. Romano was 
recipient of the 2006 Mencken Annual Faculty Award for Excellence in Scientific research.   
 
Several Professors from MAE, Physics, Electrical and Computer Engineering, and the Space 
Systems Academic Group support the program part-time by teaching some courses and being 
thesis advisors.  Astronautical Engineering, being a multi-disciplinary field, is served best by this 
approach.  Currently, Profs. Biblarz, Brophy, Bursch, Fouts, Gordis, Healey, Hebbar, Kang, 
Kolar, Leonard, Loomis, Millsaps, Newman, Olsen, Scott, Yakimenko, Welch, and Yun are 
supporting the program part-time.  Some of these professors have extensive experience in the 
space industry and in NASA and DoD space programs.  Two of them, Professors Bursch and 
Newman, are astronauts and have flown on the space shuttle and the International Space Station 
(ISS) several times.  In summary the program is supported by highly qualified faculty with broad 
space experience. 
 
Class sizes typically range from 7 to 15 students as shown in Table I-A-1 of Appendix I.A.  Due 
to the absence of teaching assistants there is direct contact between the professors and the 
students.  Professors assign and correct the homework assignments and exams.  In addition, one 
MAE faculty member is designated as the “Academic Associate” with the special responsibility 
to advise all AE students and to remain cognizant of any difficulties the students may encounter.  
A further source of information and counseling is provided by the Program Officer, a Navy 
Commander or Captain, and often an NPS graduate who may also serve as an instructor and who 
is quite familiar with the AE program.  In addition the MAE Department has established an 
Astronautics Oversight Committee consisting of the Academic Associate, Program Officer, and 
core professors.  The committee is responsible for defining the course requirements, and 
responding to the student’s requests for course waivers. 
 
Faculty competency is well documented in Appendix I-C.  All AE faculty members are heavily 
involved in DoD sponsored research projects, thus providing students with state-of-the-art 
information and relevant topics for thesis research.  A listing of AE research projects for core 
faculty in fiscal years 2005 to 2007 is provided in Appendix I.I.  Accordingly, Prof. Agrawal has 
executed funds of $1.6M during this three year period; Prof. Brophy $0.95M, Prof. Romano 
$0.16M; and Prof. Ross $0.8M.  This funding support shows the breadth of the AE program.  As 
a consequence, the students become aware of the major space programs in the Department of 
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Defense and the new space technologies under development.  They also have the opportunity to 
interact with the project sponsors and experts in DoD and the aerospace industry. 
 
Additional information about faculty competency including professional/university service and 
scholar productivity is provided in Appendix I.C.  This appendix provides faculty résumés which 
include a list of each faculty member’s main publications over the last five years.  As an example, 
during the last five years Prof. Agrawal has published 13 journal papers and 24 conference 
papers, Prof. Romano has published 7 journal papers and 14 conference papers, and Prof. Brophy 
has published 5 journal papers and 11 conference papers.  In addition, two current AE faculty 
members are authors/coauthors of textbooks: 
 
Agrawal, B. N., “Design of Geosynchronous Spacecraft,” Prentice Hall, 1986 
Sutton, G.P. and Biblarz, O., “Rocket Propulsion Elements,” John Wiley & Sons, Inc., 2001 
 
Several faculty members participate in the National Research Council (NRC) post-doctoral 
program which attracts outstanding visiting professors from different parts of the world.  This 
program has helped not only maintain a high quality of research in the department, but also 
enriches the diversity of the faculty.  During the past five years the following AE professors 
served as NRC advisors: 
 
Prof. Agrawal: Dr. Marcello Romano  2001 – 2003 
Dr. Jong-Woo Kim  2003 – 2005 
Dr. Jae Jun Kim  2004 – present 
Dr. Hyunjoo Yoon   2007 – present 
 
Prof. Romano:  Dr. Riccardo Bevilacqua 2007 – present 





The Astronautical Engineering students use the following laboratories extensively for courses 
and research.  These laboratories are primarily funded by external research projects. 
 
SPACECRAFT RESEARCH AND DESIGN CENTER 
Director: Prof. Brij Agrawal 
 
Optical Relay Mirror Laboratory 
 
 
Three-Axis Simulator I 
A new joint NPS and AFRL laboratory, the NPS-AFRL Optical 
Relay Spacecraft Laboratory, was dedicated on June 5, 2002.  
This laboratory is used for both instruction and research on 
acquisition, tracking and pointing of flexible military spacecraft.  
Three-axis simulator 1 can simulate spacecraft three-axis 
motion as well as the optical system of a space telescope.  The 
spacecraft simulator has three reaction wheels and thrusters as 
actuators; rate gyros and sun sensors as sensors; an on-board 
processor and batteries; and is supported on a spherical air bearing.  The optical system consists 
of a laser source, a fast steering mirror, jitter sensor, and a video camera as a tracking sensor. 
 
 
Three-Axis Simulator II 
The three-axis simulator 2 can be divided into three modules: 
spherical air bearing, spacecraft bus module and optical 
payload module.  The spacecraft bus has three variable speed 
control moment gyros (CMGs), a Northrop Grumman - Litton 
LN-200 IMU consisting of three fiber optics rate gyroscopes, 
sun sensors, magnetometers, inclinometer, a fine sensor, 
batteries, power switching and control electronics, and an 
automatic balancing system.  The optical payload consists of a 
receive telescope and associated optical equipment on the 
upper platform and a transmit telescope and associated optical equipment on the lower platform. 
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Laser Jitter Control Testbed 
The purpose of the Laser Jitter Control testbed is to investigate 
control methods to reduce optical jitter and mitigate 
disturbances to optical beams and structures.  Emphasis is 







Adaptive Optics Test Bed 
The purpose of this test bed is to develop improved control 
techniques for adaptive optics.  The current application is 
controlling the surface of large flexible mirrors in space.  
The test bed has two adaptive optics systems (two 
deformable mirrors and two wave front sensors).  One 
system corrects the surface of the flexible mirror and the 
other system corrects aberrations in the imaging object 
beam.  The test bed also has a fast steering mirror for 
correcting jitter.  The test bed has two beams: a reference 
beam and object beam.  The reference beam is used by the 
sensors and actuators to correct the flexible mirror surface and beam jitter introduced in the 
spacecraft. 
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Smart Structure Laboratory 
 
NPS Space Truss 
The overall dimension of the NPS space truss is 3.76 m long, 
0.35 m wide and 0.7 m tall.  Two piezo-ceramic struts are 
installed as actuators near the base of the truss.  The output 
force for the actuator is 0-100 N and the displacement range is 
0-90mm.  A linear Proof Mass Actuator, located at the left end 






Precision Pointing Hexapod 
The Positioning Hexapod is used for testing control algorithms for 
both vibration isolation of an imaging payload and fine steering.  It 
is based on an arrangement of six self-supporting electromagnetic 
voice coil actuators with in-line accelerometers that could enable 
control of high vibration.  Lower frequency steering and vibration 
isolation is provided by the use of a laser-photo-diode based on a 2-
axis position detecting system and eddy current position sensors.  
The system can deliver over 5.7 mm of axial/position travel, 20 mm 
of lateral motion, 2.5 deg. of tilt motion and 10 deg. of twist. 
 
 
Spacecraft Attitude Dynamics and Control Laboratory 
 
Flexible Spacecraft Simulator (FSS) 
The FSS, as shown in the figure, simulates attitude motion 
in the pitch axis of a flexible spacecraft.  It consists of a 
central rigid body representing the spacecraft central body 
and a flexible appendage representing a reflector with a 
flexible support structure.  This system is floated on air 
pads over a granite table to simulate a micro-gravity 
environment.  The actuators are thrusters with air supplied 
by a compressed air bottle and a momentum wheel. 




This laboratory, as shown in the figure, consists of a 
qualification model of the Navy FLTSATCOM 
communications satellite, the associated ground support 
equipment for testing the satellite, and the FLTSATCOM 
Attitude Control Simulator, which provides a graphical 
display of the spacecraft’s attitude and rotational motion 
in response to commands similar to the commands 





Satellite Servicing Laboratory 
 
Spacecraft Design Laboratory 
This laboratory houses computer–aided design tools for 
spacecraft design and a spacecraft design library.  It has 
GENSAT, a general-purpose software application for 
satellite design, and Conceptual Design Center (CDC) 
software from Aerospace.  In addition, it has several 
subsystem design software packages, such as STK, 
NASTRAN, IDEAS and Matlab/Simulink. Using these 
unique design tools, students can perform collaborative 
spacecraft design. 
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SMALL SATELLITE TEST AND DEVELOPMENT LABORATORY 
Director: Prof. Panholzer 
 

















NPS is currently developing the NPSAT1 small satellite, a 82 kg satellite to provide a test bed 
for spacecraft technology and ionospheric physics experiments.  NPSAT1 is actually the second 
NPS small satellite, the first was PANSAT, which was launched in Oct. 1998 as a Shuttle 
secondary payload via the Hitch Hiker program.  The NPS SSAG has had experience in space 
flight experiments flown on the Shuttle via the Get Away Special program (the Space 
Thermoacoustics Refrigerator, or STAR), ‘piggy-back’ experiments flown on other satellites, 
such as the FERRO experiment aboard the APEX satellite, and also through sounding rocket 
experiments. 
 
A capable infrastructure of tools, facilities, and support personnel has been compiled to promote 
the successful completion of the small satellite design program at NPS.  This includes the 
development of facilities and technical skills to perform design, analysis, and testing.  The NPS 
space infrastructure provides a means for future space flight hardware development, whether for 
experiment payloads or entire spacecraft. 
 
Design and Analysis Tools 
Facilities and support personnel are on-hand at NPS to assist in the successful development of 
space flight experiments.  This includes tools and expertise for conceptual design and 
engineering trade studies using such packages as I-DEAS for mechanical design and test; 
computer-aided electronic design, simulation, and analysis packages; Satellite Tool Kit (STK) 
for orbital analysis and spacecraft architecture design, as well as others. 




Manufacturing and development facilities are in place at NPS to support the manufacture of 
unique space flight hardware.  Machining capabilities are held within the Space Systems 
Academic Group providing short lead times for officer’s thesis research, where timeliness is a 
requirement.  In addition to the usual array of machining tools in any machine shop, NPS has a 
CNC Vertical Milling Center with the following performance parameters:  
 
High Precision Automated Machining Center 
• 0.0002 inch Repeatability 
• 20 Position Automatic Tool Changer 
• Performs Complex Shapes and Contours 
 
Embedded systems development tools are being used in the Small Satellite Design Program, 
greatly easing software development.  Development tools for space flight electronics are 
available for microprocessors, micro-controllers, field programmable gate arrays (FPGAs), and 
radio frequency communications hardware. 
 
Clean air facilities are in place to aid in the integration of space flight components, instruments, 
and space vehicles, including class 100,000 filtered air in the small satellite laboratory with 
approximately 2000 square feet of space.  A soft wall clean room (12 ft. x 10 ft. by 8 ft. height) 
is available in the event more stringent cleanliness requirements are needed.  The laboratory was 
recently renovated in 2003 to support the development of space flight experiments. 
 
Testing 
Facilities are also in place for component and subsystem environmental testing.  Operational 
facilities include a 465 pound shaker, a 1200 pound shaker, a 1 cu. ft. thermal-vacuum chamber, 
and an electromagnetic interference and electromagnetic compatibility (EMI/EMC) test 
enclosure.  A 1200 pound shaker is a shared resource with the Mechanical and Astronautical 
Engineering Department.  In addition, the SSAG is building up facilities to perform thermal 
vacuum testing within a 3-feet diameter by 5-feet deep volume, and vibration testing in both 
horizontal and vertical axes to 6000 pounds. 
 
Thermal-vacuum chamber specifications: 
• Temperature Control Range:  -73°C to +177°C 
• One Cubic Foot Test Volume 
• Ultimate Vacuum:  7.5 x 10-8 Torr 
• Viewing Port and Multiple Pin Connector for In-Situ Testing 
 
465 lbf vibration system with data acquisition system specifications: 
• 465 Pounds Force (Max.) 
• 93 g's Acceleration (Max.) 
• Inch Double-Amplitude Displacement 
• DC - 3.0 kHz Frequency Range 
• Closed-loop Vibration Testing 
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Radio frequency shielded enclosure for EMI/EMC testing: 
• 10 ft x 8 ft x 8 ft (height) 
• Attenuation: 
• 14 kHz  Magnetic   60 dB 
• 50 MHz Electric   100 dB 
• 10 GHz Plane Wave/Microwave 100 dB 
 
Specialized Testing 
Test and measurement equipment for specific applications to space flight experiments are also on 
hand at NPS.  To investigate battery technology for space applications, the NPS SSAG has a 
battery test setup accommodating 16-channels for characterizing batteries under controlled 
charge/discharge regimes.  Another test facility related to space power is the Solar Simulator 
facility equipped with a light source and test instrumentation to measure power output (current 
and voltage) from solar cells and solar panels with equivalent of air mass zero (AM0). 
 
The SSAG also has a 3-axis air bearing used for test and validation of attitude control algorithms.  
The air bearing supports an autonomous platform (computer, sensors, actuators, electrical power, 
and wireless communications) to execute attitude control algorithms with a measurement system 
for performance measurements using laser diodes and digital camera equipment. 
 
Uninterruptible Power 
Critical laboratory facilities and equipment are powered by uninterruptible power backed up by a 
gas-powered generator.  This insures against the possibility of damage to space flight hardware 
during test or integration in the event of a power failure.  A graceful shutdown sequence can then 




PANSAT during final integration with ejection 
system at NASA Goddard Space Flight Center. 
 
 
Launch of PANSAT from space shuttle 
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SPACECRAFT ROBOTICS LABORATORY 
Director: Prof. Marcello Romano 
 
Autonomous Docking and Spacecraft Servicing Testbed 
The Autonomous Docking & Spacecraft Servicing (AUDASS) 
test-bed at the NPS Spacecraft Robotics Lab consists of two 
spacecraft simulators floating via air-pads on a flat floor in order 
to recreate in 2D the weightlessness and frictionless conditions 
of orbital space flight.  The test-bed is used to validate Guidance, 
Navigation and Control Algorithms for spacecraft proximity 






ROCKET PROPULSION LABORATORY 
Director: Prof. Christopher Brophy 
The Rocket Propulsion Laboratory consists of an 
instrumented control room, a propellant evaluation 
laboratory, a high-pressure air facility and four test 
cells equipped with diagnostic apparatus and motor 
hardware for investigating solid and liquid rockets, 
solid fuel ramjet, pulse detonation engine, and gas 
turbine propulsion systems.  Vitiated air heaters are 
used to simulate combustor inlet conditions 
representative of supersonic flight and generate 
temperatures up to 1400°F.  Several continuous wave 
and pulsed laser systems are available along with high-speed/high frame rate CCD cameras, light 
scattering and transmission measurement systems, schlieren systems, sampling probes, infrared 
imaging systems, and both visible and infrared spectrometers.  Two internal test areas are 
available for spray characterization and other non-reacting flow testing.  Multiple National 
Instruments data acquisition systems monitor high and low frequency pressure transducers, 
thermocouples, and other diagnostic devices. 
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7. Institutional Support and Financial Resources 
 
The Department receives budget allocations from the GSEAS Dean in two main categories: labor 
and operating target (OPTAR).  For a given year, the labor allocation is determined by two 
factors.  These are the numbers of courses taught in the preceding year and the number of thesis 
students advised.  The algorithm for this process resides in the Office of Academic Planning.  
There is no longer any allocation reflecting the number of faculty in a department, nor are any 
funds identified directly in the Department allocation as in support of faculty or program 
development.  This situation reflects, as noted earlier, the difficult budget climate in the 
Department of Defense in general and at the School in particular.  It is up to individual Chairs to 
determine the allocation of labor budget to individual faculty members.  In Mechanical and 
Astronautical Engineering, essentially the entire budget is being consumed in support of faculty 
labor to teach the program for which it is systematically insufficient.  The following tabular 
summary shows how the current situation has evolved in recent years.  The budget is expressed 
in direct support dollars at the accelerated rate.  The H funds are for workload relief and were 
provided to relieve the burden on faculty raising reimbursable funds which were becoming 
excessive.  The number of course sections taught in each year are also shown for comparison. 
 




‘05 17 $1,905,139 $415,144 88 
‘06 16 $1,959,474 $308,213 83 
‘07 16 $1,731,065 $213,460 79 
  * Does not include budget for Distance Learning Programs which are separate 
** Additional to Labor Budget 
 
Clearly the institutional budget allocation in support of the program has decreased significantly 
in recent years.  The budget has been balanced each year by use of reimbursable research funds, 
by use of reimbursable funds for teaching new programs (e.g., the 571 Curriculum a DL program 
for Naval Reactors), and by other means.  These other means include relying on funds held back 
by the administration to cover short-falls in the labor budget. 
 
Funds to support faculty development are not generally available and with the exception of 
sabbatical funds, the institution relies more and more on the reimbursable research program to 
support the immediate needs of faculty. 
 
The Department OPTAR account is mainly used to support ongoing operations and routine 
office and laboratory supply items.  The OPTAR account may also be used for limited travel. 
Mostly, travel is supported by reimbursable funds and the Chair is very limited in available 
support for faculty travel to conferences where no reimbursable money is available. 
 
The OPTAR for Mechanical and Astronautical Engineering has varied around $40K in recent 
years and is $46K for Fiscal Year 2007.  Additional money is provided as reimbursable indirect 
funds, which may be used to support both faculty and staff labor (related to research) and faculty 
travel for various purposes including fund raising.  The amount of these funds has also varied 
from $36K to $45K each year.  It has not been possible to support all faculty requests for travel 
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to see prospective research sponsors and to attend and participate in research conferences, 
workshops and symposia even in the absence of a funded research program in the area.  The 
research indirect accounts are managed by individual faculty according to their own generation. 
 
In recent years, NPS has allocated funds for recapitalization of both instructional laboratories and 
for the research infrastructure.  Since many facilities were new in 1995, these funds have been 
adequate to maintain the facilities but have not been sufficient to fund significant new initiatives 
in either the instructional laboratories or research.  Faculty members have been able to arrange 
transfer of equipment from other Navy facilities or been able, in one instance, to secure 
donations of equipment from industry.  In addition, in 2006, the Dean was able to institute 
Laboratory Support for New Initiatives.  There were 5 areas named throughout NPS.  For the 
MAE Department, the Unmanned Systems and the Nano Mems initiative resulted in the 
availability of funds to furbish a clean room for the materials group, and reequip the unmanned 
vehicles center with instrumentation for the Autonomous Underwater Vehicle program.  The 
AUV center has been successful in winning awards through the DURIP (Defense University 
Research Instrumentation Program) for $300K and $350K in the 04 and 06 years. 
 
The division of Institutional recapitalization funds between laboratories supporting the MS-ME 
and the MSAE degree programs is roughly $178K and $83K respectively for 2007.  Items are 
requested by the faculty annually and are prioritized by the Chair.  These requests are justified at 
an NPS wide committee meeting, following which, cuts are made according to the estimated 
funds available.  Purchase requests are then made and forwarded to the Dean’s office, and 
depending on the availability of funds at the end of the year, some of the requested items are 
purchased.  Unfortunately, this process leads to late purchasing and sometimes items are not 
even purchased. 
 
The budget allocation from the institution for technical support staff labor has been reduced even 
more than the faculty labor budget.  In 1995, the Department had funding in support of six 
engineering technicians and three model maker machinists.  Several of these individuals have left 
or retired in the intervening years and most of them have not been replaced.  In 2001, there were 
only two engineering technicians and a recruiting action in place to hire a third, while there were 
two model maker machinists in support of Mechanical Engineering in a consolidated machine 
shop.  The reductions in faculty labor support and the decline in number of engineering 
technicians remain the most serious impediments to maintenance and improvement of the 
instructional laboratories in this Department. 
 
Recently with the help of shared funds with reimbursable funds we have been able to hire 
additional staff in duties that cut across the Department and relate mostly to shared efforts 
between research programs and teaching support. 
 
• Mardo Blanco, Mechanic, 50% Time 
• Tom Christian, Electronics Engineer, 100% Time 
• Michael Doherty, Aerospace Engineer, 100% Time 
• John Gibson, Technician, 100% Time 
• George Hegman, Technician, 50% Time 
• Don Meeks, Technician, 75% Time 
• Ben Wring, Technician, 20% Time 
• Aurelio Monarez, Technician, 100% Time 
• Matt Goldman, Engineer, 50% Time 
 
Department of Mechanical and Astronautical Engineering     Self Study Report 
 
 52
8. Program Criteria 
 
8.1 Summary 
This section describes how the requirements of the applicable program criteria are met, as 
required by Criterion 8.  Specific program criteria for Aerospace Programs are as follows: 
 
8.1.1.  Curriculum 
Astronautical Engineering programs must demonstrate that graduates have knowledge of orbital 
mechanics, space environment, attitude determination and control, telecommunications, space 
structures and rocket propulsion.  Programs must also demonstrate that graduates have design 
competence that includes integration of astronautical topics. 
 
8.1.2.  Faculty 
Program faculty must have responsibility and sufficient authority to define, revise, implement 
and achieve program objectives.  The program must demonstrate that faculty teaching upper-
division courses have an understanding of current professional practice in the aerospace industry. 
 
8.2 Curriculum 
The specific curricular topics addressed in the ABET program criteria for Astronautical 
Engineering programs include orbital mechanics, space environment, attitude determination and 
control, telecommunications, space structures and rocket propulsion.  These topics are all 
incorporated into the objectives of the NPS Astronautical Engineering Program as discussed in 
Section 2 of this report.  Accordingly, specific courses are included in the program to address 
each of these topics as follows: 
 
1. Orbital Mechanics 
SS3500 Orbital Mechanics and Launch Systems (4-2) 
2. Space Environment 
PH2514 Introduction to the Space Environment (4-0) 
3. Attitude Determination and Control 
AE3815 Introduction to Spacecraft Dynamics (3-2) 
AE3818 Spacecraft Attitude Dynamics and Control (3-2) 
AE3820 Dynamics of Space Systems (3-2) 
AE3830 Spacecraft Guidance and Control (3-2) 
AE4816 Dynamics and Control of Space Structures (4-0) 
4. Telecommunications 
EO2525 Probabilistic Analysis of Signals and Communications Systems (4-1) 
EO3525 Communications Engineering (4-1) 
5. Space Structures 
AE2820 Introduction to Spacecraft Structures (3-2) 
AE4816 Dynamics and Control of Space Structures (4-0) 
6. Rocket Propulsion 
AE3851 Spacecraft Propulsion (3-2) 
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In addition, all these topics are addressed in the capstone design project sequence of courses as 
described in section 4.5.  The following courses are included in this sequence: 
 
• AE3870 Computational Tools for Spacecraft Design (2-4) 
• AE4870 Spacecraft Design and Integration I (4-0) 
• AE4871 Spacecraft Design and Integration II (2-4) 
 
The program assures that graduates have knowledge in these areas via assessment processes 
outlined in Section 3 of this report.  Student knowledge is assessed using a combination of 
homework, exams, laboratory reports and oral and written project reports.  In addition, as 
discussed in Section 4.5, students are required to provide a comprehensive presentation on their 
spacecraft capstone design project to external reviewers, including the project sponsor and 
various Aerospace Corporation, DoD, and space industry representatives.  This project 
presentation provides additional verification that students have acquired knowledge in the 




8.3.1 Faculty Responsibility and Authority to Define, Revise, Implement and Achieve 
Program Objectives 
Astronautical Engineering faculty members are key constituents of the AE program and are 
directly involved in the process to define, revise, implement and achieve program objectives.  
They participate directly in the program review process which is used to develop, review and 
update objectives for approval by the sponsors and SMEs as discussed in Section 2.4.  In 
preparation for the most recent program review, a faculty committee was established in January, 
2007 which includes members of the Astronautical Engineering faculty along with faculty 
members from other Departments and the SSAG who teach courses in the program.  The faculty 
committee has been a primary source of inputs for changes to program objectives.  In addition, 
the faculty is directly responsible for designing and delivering courses to ensure program 
objectives are properly implemented and achieved.  In particular, the Astronautics Oversight 
Committee consisting of the Academic Associate, Program Officer, and core professors is 
responsible for defining the course requirements to meet the program objectives. 
 
8.3.2 Faculty Understanding of Current Professional Practice in the Aerospace Industry 
Upper-division Astronautical Engineering courses are taught by a number of faculty members in 
the MAE Department.  In addition, these faculty members are supplemented by faculty from 
other departments and the SSAG.  All faculty members maintain an understanding of current 
professional practices in the aerospace industry via their research activities and professional 
associations.  A sample of these activities and associations for the program’s primary faculty are 
provided below.  Additional details are provided in each faculty member’s resume in Appendix 
I.C. 
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Prof. Brij Agrawal 
 Associate Fellow, American Institute of Aeronautics and Astronautics. 
 Member of Directed Energy Professional Society, Member of International Society for 
Optical Engineering. 
 Consultant for INTELSAT, Space Systems Loral and for several classified DoD space 
programs. 
 
Prof. Oscar Biblarz 
 Authored “Study of DC Ion Thrusters with Argon Propellants”, AIAA 2006-4670, Joint 
Propulsion Conference, Sacramento, CA, July 2006 (with J. O. Sinibaldi). 
 Authored “Electric Propulsion for Space”, Invited Plenary Lecture, 2004 Israel Annual 
Conference on Aerospace Sciences, Haifa, Israel. 
 Authored “Rocket Propulsion Elements” Text (with G. P. Sutton) 
 Authored “Gas Dynamics” Text (with R. D. Zucker) 
 Holds 11 patents in aerospace propulsion field 
 
Prof. Chris Brophy 
 Member of the American Society of Mechanical Engineers, 1997-present. 
 Senior Member of the American Institute of Aeronautics and Astronautics, 1993-present. 
 JANNAF Pulse Detonation Working Group Co-Chair, 2005-present 
 AIAA Propellants and Combustion Technical Committee Member, 2005-present 
 Reviewer for AIAA Journal of Propulsion and Power 
 
Prof. Dan Bursch 
 NASA Astronaut, veteran of 4 spaceflight missions: STS-51 (1993), STS-68 (1994), 
STS-77 (1996), and ISS Expedition Four (2002). 
 
Prof. S.K. Hebbar 
 American Institute of Aeronautics and Astronautics 
 American Society of Mechanical Engineers 
 Reviewer, AIAA Journal and Journal of Aircraft 
 
Prof. Ramesh Kolar 
 Member of the American Society of Mechanical Engineers  
 Member of the American Institute of Aeronautics and Astronautics 
 Session Chair, SPIE Active Materials: Behavior and Mechanics – Smart Structures and 
Materials Conference, San Diego, March 2004 
 Session Chair, 45th AIAA/ASME/ASCE/AHS Structures, Dynamics & Materials and 
Non-Deterministic Approaches Forum, Palm Springs, CA 2004  
 Session Chair, International Modal Analysis Conf, St. Louis, Mo, January 2006.  
 Session Chair, SPIE Active Materials: Behavior and Mechanics – Smart Structures and 
Materials Conference, San Diego, March 2006 
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Prof. Barry Leonard 
 Associate Fellow, American Institute of Aeronautics and Astronautics 
 Significant industry experience as Director of Spacecraft Engineering, Lockheed-Martin 
 
Prof. Jim Newman 
• NASA Astronaut, veteran of 4 spaceflight missions: STS-51 (1993), STS-69 (1995), 
STS-88 (1998), and STS-109 (2002). 
 
Prof. Marcello Romano 
 Member of the American Institute of Aeronautics and Astronautics, 1997-present. 
 Member of the International Institute of Electrical and Electronics Engineers, 2002-
present. 
 Member of the American Astronautics Society, 2002-present. 
 
Prof. Mike Ross 
 Recipient of two NRO Director’s Innovation Initiative (DII) awards, 2006 
 Book Review Editor, Journal of Guidance, Control and Dynamics, 1996-2003 
 NASA Peer Review Evaluator, 1998, 2001 
 Member, AAS Space Flight Mechanics Committee, 1995-2000 
 Member, AIAA Astrodynamics Technical Committee, 1991-1993, 1995-1998 
 Member, AIAA Mechanics and Control of Flight Award Committee, 1998 












Appendix I - Additional Program Information 
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Table I-A-1.  Course and Section Size Summary 
 
Master of Science in Astronautical Engineering 
 






Lecture Laboratory Recitation Other 
AE 2440 Introduction to Digital 
Computation 
1 11 75% 25%   
AE 2820 Introduction to Spacecraft 
Structures 
1 9 75% 25%   
AE 3804 Thermal Control of 
Spacecraft 
1 13 100%    
AE 3811 Space Systems Laboratory 1 7 67% 33%   
AE 3815 Introduction to Spacecraft 
Dynamics 
1 13 75% 25%   
AE 3818 Spacecraft Attitude, 
Dynamics, and Control 
1 11 75% 25%   
AE 3820 Dynamics of Space Systems 1 7 75% 25%   
AE 3830 Spacecraft Guidance and 
Control 
1 9 75% 25%   
AE 3851 Spacecraft Propulsion 1 13 75% 25%   
AE 3870 Computational Tool for 
Spacecraft Design 
1 11 50% 50%   
AE 4452 Advanced Missile Propulsion 1 9 89% 11%   
AE 4816 Dynamics and Control of 
Space Structures 
1 7 100%    
AE 4850 Astrodynamic Optimization 1 8 75% 25%   
AE 4860 Military Space Maneuvers 1 7 67% 33%   
AE 4870 Spacecraft Design and 
Integration I 
1 10 100%    
AE 4871 Spacecraft Design and 
Integration II 
1 10 50% 50%   
AE 4902 Advanced Study in 
Astronautical Engineering 
4 2 100%    
 
1. Enter percent for each type of class for each course (e.g., 75% and 25% lecture). 
This percentage is based on credit hours. 
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Total Activity Distribution Faculty 
Member 
(Name) 
FT Classes Taught (Course No./Credit Hrs.) 
Quarter in the 07 year 
Teaching Research Other 
Brij Agrawal FT Win :AE3870(3-2); Sp: AE3811(3-
2);AE4816 (4-1) Sum: AE4871(3-2)/ 
AE4870(4-0) 
45% 45% 10% 
Chris Brophy FT Fall:ME4704(3-2);Sp: ME4902(4-0);Sum: 
AE4452(4-1) 
30% 70%  
J. Gordis FT Win: ME3521(3-2); Sp: ME4731/DL (4-0); 
Su: ME4522(4-0) 
45% 45% 10% 




FT Fall: AE3818(3-2) AE3820(3-2) Sp: 
AE3815(3-2) 
30% 70% 0% 
Isaac M. Ross FT Fall: AE4850(3-2) Sp: AE3830(3-2) Sum: 
AE4860(2-2) 
30% 70% 0% 
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Table I-A-3.  Faculty Analysis of MAE 




 Level of Activity 
(high, med, low, none) 



























Work in Industry 
Brig 














4 9 9  Med High Med 
Morris R. 





2 34 18  Low-AMSE Med High 
Indranath 









Prof. FT PH.D. 
UCLA, 





























Hobson Prof FT PH.D. 
Penn State, 
1990 22 20 20  Med, AIAA High None 
Isaac I. 





4 15 15  Med High Low 
Young 




2 20 14  High-ASME,SPE High None 








 35 31  Med-TMS, ASMI Med Low 
Knox T. 
























4 3 3  AIAA, IEEE High Low 
Isaac M. Ross Prof FT PH.D. Penn State, 1990 11 16 16  High High Low 





10 26 26 Ohio & California High-ASME High Med 
 
Instructions: 
Complete table for each member of the faculty of the program. Use additional sheets if necessary.  
Updated information is to be provided at the time of the visit.  The level of activity should reflect 
an average over the current year (year prior to visit) plus the two previous years. 
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Table I-A-4.  Support Expenditures 
Master of Science in Astronautical Engineering 
1 2 3 4 Fiscal Year 
2005 2006 2007 (year of visit) 
Expenditure Category     
1. Operations (not 
including staff) 
$8,143.00 $8,324 $8,016  
2. Travel $655 $1,994.00 $2,859  
3. Equipment     
4. Institutional Funds $63,215 $80,135 $60,865.00  
5. Grants and Gifts     
6. Graduate Teaching 
Assistants 
    
7. Part-time assistance 
(other than teaching) 
    












B. Course Syllabi 
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AE2440 INTRODUCTION TO DIGITAL COMPUTATION 
(3-2) 
 
Course Coordinator: Oleg A Yakimenko 
Date of Preparation: 05/01/07 




This course offers a beginner's introduction to understanding and using the 
MATLAB/Simulink/GUIDE development environment for solving different engineering 
problems.  Starting with basic features, the course covers everything needed to use the program 
effectively: from simple arithmetic operations with scalars and arrays to scripts implementing 
major numerical methods for the solution of selected problems in engineering; from simple 
menus implementation and simulations of the dynamic systems in MATLAB, to the 





Text and References 
(a) Instructor’s notes. (b) Introduction to MATLAB 7 for Engineers, 2nd Edition by William J. 
Palm III ISBN: 0-07-292242-7, McGraw-Hill, 2005. 
 
Course Objectives: The student will be able to: 
• Perform matrix analysis using MATLAB; 
• Formulate algorithms to solve problems numerically; 
• Recognize engineering applications of the various numerical methods; 
• Understand the limitations of each numerical method, especially the conditions under 
which they may fail to converge to a solution; 
• Model simple systems by differential equations, block diagrams, and transfer functions; 
Develop and run continuous and discrete Simulink models; 
• Use MATLAB proficiently for scientific and engineering applications including writing 
script and function files, 2-D and 3-D plotting, programming (flow control), and 
producing meaningful and readable solutions (reports). 
 
Topics Covered 
MATLAB/Simulink as a Technical Computing Language, Development Environment and Basic 
Operations, Arrays and Array Operations, Data Structures, Types of Files, Managing Data 
Input/Output, Programming with MATLAB, 2D and 3D Plotting and Animation, GUIDE 
Toolbox, Symbolic Math Toolbox, Accuracy of Digital Computations, Numerical Linear 
Algebra and Eigenvalue Problems, Root Finding and Introduction to Optimization, Curve Fitting 
to Measured Data, Numerical Differentiation, Numerical Integration, Initial Value Problem, 
Simulink Basics, Introduction to Mathematical Modeling of System’s Dynamics. 
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Class and Laboratory Schedule 
Three one-hour (50 minutes) lecture periods each week. Two one-hour (50 minutes) laboratory 
period each week. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences. X 
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience. X 
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software X 
Spacecraft Guidance and Control  
Spacecraft Structures, Materials and Dynamics X 
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration X 
Military Space Systems X 
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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AA2820 INTRODUCTION TO SPACECRAFT STRUCTURES 
(3-2) 
 
Course Coordinator: Ramesh Kolar 





Review of statics and strength of materials.  Basic elasticity- equilibrium equations, strain-
displacement relations, and stress-strain relations. Beam theory- axial, bending, shear and 
torsional loading, stress analysis and deflection of beams. Thermal strains and stresses. Stress 
and strain transformations and principal stresses/strains. Failure theories for design. Design of 
spacecraft structures for launch loads and a survey of typical launch vehicles. Beam buckling and 
critical buckling loads. Truss structures and introduction to the finite element method. 
 
Text and References 
Text: 
Craig, Roy R. Jr., Mechanics of Materials. 2nd edition. John Wiley & Sons, New York, New 
York, 2000. 
References: 
Sarafin, Thomas P., Spacecraft Structures and Mechanisms, Microcosm, Inc., Torrance 
California, 1995. 
 
Course Objectives: The student will be able to: 
• Determine the stress and strain of structural elements of trusses. 
• Analyze structural elements under axial deformation. 
• Analyze structural elements under torsion. 
• Determine thermal strains and stresses. 
• Determine the normal and shear stresses of beams under distributed/point loads. 
• Develop shear and moment diagrams for beams under various loads. 
• Analyze the maximum deflection of beams under different types of loads. 
• Analyze the critical buckling of columns. 
• Analyze the hoop and axial stresses of pressure vessels. 
• Calculate principal stresses/strains, principal planes, and maximum shear stress 
corresponding planes 
• Analysis and synthesis using failure theories. 
• Analyze the loads and strength criteria to verify the structural life of space systems. 




The topics covered in this course include stress and strain in structural elements, basic elasticity- 
equilibrium equations, strain-displacement relations, and stress-strain relations, axial 
deformation, torsion, thermal strains and stresses, equilibrium of beams, stresses in beams, 
deflection of beams, pressure vessels, buckling loads, launch loads, spacecraft design concepts, 
stress and strain transformations, and principal stresses/strains. Failure theories for design, 
strength analysis and structural loads analysis. 
 
Class and Laboratory Schedule 
Three one-hour (50 minutes) lecture periods each week. One two-hour (100 minutes) laboratory 
period each week. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience. X 
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software X 
Spacecraft Guidance and Control  
Spacecraft Structures, Materials and Dynamics X 
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration X 
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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SS3035 MICROPROCESSORS FOR SPACE APPLICATIONS 
(3-2) 
 
Course Coordinator: Douglas J. Fouts 
Date of Preparation: 05/05/07 




An introduction to computer hardware and software, including the processor, bus, memory 
subsystem, I/O subsystem, peripherals and interfacing, assembly language programming, 
privileged execution and exception processing, real-time operating systems, and software 
applications. The application of microprocessors in space systems, including sensing, control, 






Text and References 
Computer Organization and Design, Patterson and Hennessy, Third Edition, 2005 – ISBN 1-
55860-604-1. 
 
Course Objectives: The student will be able to: 
• To understand the high-level organization of computer systems for embedded control 
applications, especially in space systems. 
• To understand the components of a modern computer architecture, including the 
processor, memory system, I/O system, and the interconnections among these 
components. 
• To understand how to write assembly language programs and the design of the 
architecture to support the language. 
• To understand the role of the assembler and the fundamentals of real-time operating 
systems, privileged execution, and exception handling. 
• To understand the issues effecting reliability, including power, shock and vibration, and 
thermal problems. 
• To understand the space radiation environment, and the impact of radiation on system 
design and operation. 
• To understand the issues and options in designing or specifying a computer system or 
architecture for a space application. 
 
Topics Covered 
The topics covered are based on the text chapters, specifically: computer architecture, computer 
instruction sets, arithmetic, design of the processor, including design for pipelining, the memory 
hierarchy and I/O subsystems. This material is supplemented with presentations on the space 
radiation environment and the effects of space radiation on electronic components and systems.  
Other reliability concerns and testing processes are also addressed. 
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Class and Laboratory Schedule 
Three one-hour (50 minute) lecture periods each week. One two-hour (110 minute) laboratory 
period each week.  
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience.  
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing X 
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software X 
Spacecraft Guidance and Control  
Spacecraft Structures, Materials and Dynamics  
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration X 
Military Space Systems X 
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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SS3500 ORBITAL MECHANICS 
(4-2) 
 
Course Coordinator: Donald Wadsworth 
Date of Preparation: 05/04/2007 




Fundamentals: conic sections, coordinate systems and transformations, time. The two-body 
problem: Newton's laws and their solution, Kepler's equation.  Orbital maneuvering. Orbit 
determination. Perturbations. Mission design.  An overview of the performance and selection of 
launch vehicles. Launch profile and basic terminology (GLOW, mass ratio, injected weight, etc.).  
Ascent and payload delivery performance. Launch windows, Future launch systems. 
 
Text and References 
Text: 
Curtis, H. D., Orbital Mechanics for Engineering Students, Elsevier, 2005 
References: 
(a) Vallado, D. A., Fundamentals of Astrodynamics and Applications, McGraw-Hill, 1997. 
(b) Bate, R, Mueller, D. D., and White, 1. E., Fundamentals of Astrodynamics, Dover, 1971. 
 
Course Objectives: The student will be able to: 
• Apply Kepler's and Newton's laws to orbital motion (2-body central force). 
• Understand orbit elements and coordinate systems for space flight. 
• Determine orbital elements from different observation systems. 
• Determine effect of perturbations on orbital motion. 
• Determine velocity requirements for plane change and Holmann transfer orbital 
maneuvers. 
• Determine an orbit from position and time measurements. 
• Determine lunar and interplanetary trajectories. 
• Determine station keeping, orbit transfer, and launch constraints for space missions. 
• Utilize STK (Satellite Tool Kit) simulation for modeling space mission orbits and 
applications. 
• Understand the different time conventions for astrodynamics. 
• Determine rocket delta velocities gained for single and multiple-stage rockets. 
• Understand the different launch systems. 
• Determine launch configurations for varying payload requirements. 
 
Topics Covered 
The topics covered in the Orbital Mechanics part of this course include: moving coordinate 
frames, coordinate transformations, relative velocity and accelerations, dynamics of particles in 
central force fields, power flight maneuvers (Holmann transfer), types of satellite orbits for space 
missions.  The topics covered in the Launch Systems part of this course include:  the 
performance and selection of launch vehicles, launch profiles and basic terminology, ascent and 
payload delivery performance, launch windows, and future launch systems. 
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Class and Laboratory Schedule 
Four one-hour (50 minutes) lecture periods each week. One two-hour (100 minutes) laboratory 
period each week. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience.  
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing X 
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software X 
Spacecraft Guidance and Control  
Spacecraft Structures, Materials and Dynamics  
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems X 
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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AE3804 THERMAL CONTROL OF SPACECRAFT 
(3-0) 
 
Course Coordinator: S.K.Hebbar 
Date of Preparation: 5/8/07 




Conduction, radiation, thermal analysis, isothermal space radiator, lumped parameter analytical 
model, spacecraft passive and active thermal control, heat pipes, and louvers. 
 
Text and References 
Texts: 
(a) Instructor's notes. 
(b) Agrawal, Brij N., Design of Geosynchronous Spacecraft, Prentice-Hall, Inc., Englewood 
Cliffs, New Jersey, 1986. 
Reference: 
Incropera, frank P. and DeWitt, David P., Fundamentals of Heat and Mass Transfer, 4th edition, 
John Wiley & Sons, Inc., New York, New York, 1996. 
 
Course Objectives: The student will be able to: 
• Describe the essential nature/complexity/importance of spacecraft thermal control. 
• Describe and apply basic principles of the fundamental heat-transfer modes - conduction, 
convection, and radiation.  
• Describe conduction and radiation and their associated physical laws and terminology by 
being able to work isolated problems in the field. 
• Identify various external heat flux sources and sinks interacting with spacecraft. 
• Perform thermal analysis on spacecraft using a relevant form of the heat balance equation. 
• Explain different thermal control techniques - passive and active approaches - and their 
practical implications on spacecraft. 
• Discuss typical thermal designs or applications on existing spacecraft, and be able to 
follow and critique thermal design case studies on spacecraft. 
• Explain how ground thermal testing is performed and its significance at the various 
stages of spacecraft development. 
 
Topics Covered 
The topics covered in this course include an introduction to spacecraft thermal analysis; heat 
transfer fundamentals; radiation heat transfer; heat balance equation; isothermal radiator; lumped 
parameter model; thermal analysis flow chart; thermal control: passive and active; and the 
thermal design and testing of spacecraft: dual-spin and three-axis stabilized. 
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Class and Laboratory Schedule 
Three one-hour (50 minutes) lecture periods each week. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience. X 
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software  
Spacecraft Guidance and Control  
Spacecraft Structures, Materials and Dynamics X 
Propulsion Systems  
Spacecraft Thermal Control and Power X 
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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AE3811 SPACE SYSTEMS LABORATORY 
(2-2) 
 
Course Coordinator: B. N. Agrawal 
Date of Preparation: 5/1/07 




Principles of spacecraft test programs; component, subsystem, and system level tests; military 
standard test requirements for space vehicles, laboratory experiments in Fltsatcom Laboratory on 
satellite performance, in Spacecraft Test Laboratory for vibration, modal and thermal tests; and 
in Spacecraft Attitude Control Laboratory for spacecraft control performance. Graded Pass/Fail. 
 
Prerequisite 
Consent of Instructor 
 
Text and References 
Text: Military Standard: Test Requirements for Launch, Upper-Stage, and Space Vehicles, SMC-
1540$, Space and Missile Systems Center, Department of Defense, Los Angeles AFB, California, 
31 January 2004. MIL-HDBK-340 (USAF), Vol. I and II, July 1985. 
 
Course Objectives: The student will be able to: 
• Explain basic principles of spacecraft testing, such as thermal vacuum, thermal balance, 
sinusoidal vibration, acoustic. static, shock, and electrostatic discharge. 
• Explain different levels of testing, development, qualification, protoflight, acceptance and 
test margins. 
• Explain component and subsystem qualification, protoflight, and acceptance tests. 
• Explain system level qualification, protoflight, and acceptance tests. 
• Review test plans for different spacecraft, including military and commercial. 
• Review military standard test requirements for space vehicle. 
• Complete a team project to identify deficiencies in given spacecraft test plan at 
subsystem and system level. 
• Review failures versus test thoroughness index for various USAF and commercial 
programs. 
• Perform tests in Fltsatcom Laboratory on satellite performance. 
• Perform tests in Spacecraft Test Laboratory for vibration, modal and thermal vacuum 
tests, if available. 
• Perform tests on test beds in Optical Relay Mirror Laboratory, Smart Structure 




The topics covered in this course include, test categories, such as development, qualification, 
acceptance, unit, subsystem, and system tests; test models, such as development, structural, 
thermal, qualification, flight; tests such as thermal vacuum, thermal balance, sinusoidal vibration, 
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acoustic, static, and electrostatic discharge; test plans for different spacecraft, including military 
and commercial;, military standard test requirements for space vehicle; evaluation of test plan; 
failures versus test thoroughness index for various USAF and commercial programs; test 
procedures for tests in Fltsatcom Laboratory for satellite performance, in Spacecraft Test 
laboratory for vibration. modal. and thermal vacuum tests, and experiments on  test beds in 
Optical Relay Mirror Laboratory, Smart Structure Laboratory, Spacecraft Attitude Dynamics and 
Control Laboratory, and Satellite Servicing Laboratory. 
 
Class and Laboratory Schedule 
Two one hour (50 minutes) lecture period each week. One two- hour (100 minutes) laboratory 
period each week. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience. X 
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing X 
Computers: Hardware and Software X 
Spacecraft Guidance and Control X 
Spacecraft Structures, Materials and Dynamics X 
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge X 
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AE3815 INTRODUCTION TO SPACECRAFT DYNAMICS 
(3-2) 
 
Course Coordinator: Marcello Romano 
Date of Preparation: 05/10/2007 




Coordinate system transformations (GCI, L VLH, etc.), time differentiation operator, velocity 
and acceleration in 3D-frames of reference, Poisson's equations, spacecraft application examples 
(strapdown INS, etc), angular momentum, inertia tensor transformations, Newton-Euler 
equations of motion, spin stability, single-spin spacecraft, nutation and precession, energy-sink 




PH1121, PH2511, MA2121 
 
Text and References 
Text: Wiesel, W. E., Spaceflight Dynamics, McGraw-Hill Book Company, New York, New 
York, 1989. 
 
Course Objectives: The student will be able to: 
• Perform coordinate transformations. 
• Understand attitude kinematics and parametrization 
• Develop the time differentiation of coordinate transformations. 
• Develop equations of motion for particles. 
• Develop equations of motion for rigid bodies using Newtonian dynamics. 
• Develop and analyze the moment of inertia of space systems. 
• Analyze the dynamics of single axis spinning spacecraft. 
• Analyze the dynamics of dual spin spacecraft. 
• Model and Analyze the disturbance torques acting on a spacecraft: Gravity Gradient, 
Residual Drag, Solar Radiation, Magnetic Torque 
 
Topics Covered 
Introduction to the course topics. Review of mechanics of the point mass. Quick review of 
orbital mechanics. Attitude parametrization and kinematics of a rigid body. Dynamics of a rigid 
body, inertia matrix, Euler’s equations, integrable cases of motion. Spinning stabilization, Dual 
spinning stabilization, nutation damping, flat spin transition. Disturbance torques: gravity-
gradient, aerodynamic, solar radiation, magnetic torque 
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Class and Laboratory Schedule: 
Three one-hour (50 minutes) lecture periods each week. One two-hour (100 minutes) laboratory 
period each week. Laboratories are focused in the sequential development of a complete attitude 
dynamics and kinematics simulation code in Matlab-Simulink. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience. X 
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software X 
Spacecraft Guidance and Control X 
Spacecraft Structures, Materials and Dynamics X 
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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AE3818 SPACECRAFT ATTITUDE, DYNAMICS AND CONTROL 
(3-2) 
 
Course Coordinator: Marcello Romano 
Date of Preparation: 05/10/2007 




Stability of dual-spin stabilized spacecraft, active nutation control, disturbance torques: solar, 
magnetic, gravity gradient, and aerodynamic, attitude sensors, antenna beam pointing accuracy, 
three-axis-stabilized spacecraft, fixed momentum wheel with thrusters, three reaction wheel 





Text and References 
Wie, Bong, Space Vehicle Dynamics and Control, AIAA, Reston, Virginia, 1998. 
 
Course Objectives: The student will be able to: 
• Analyze the attitude control of a three-axis stabilized spacecraft, including 
• One-axis time optimal control and quaternion feedback control. 
• Become familiar and analyze attitude actuators: thrusters, momentum exchange devices, 
magneto-torquers 
• Analyze the attitude determination of a spacecraft 
• Become familiar and analyze attitude sensors 
• Develop computer simulation models of spacecraft attitude control and determination. 
 
Topics Covered 
Introduction to the course topics. Introduction to linear state space control (LQR, pole 
placement) and observation. Attitude actuators and attitude control laws. Attitude sensors and 
attitude determination laws (including Kalman filter for attitude determination) 
 
Class and Laboratory Schedule 
Three one-hour (50 minutes) lecture periods each week. One two-hour (100 minutes) laboratory 
period each week. Laboratories are focused in the sequential development of a complete attitude 
determination and control simulation code in Matlab-Simulink. 
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Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience. X 
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software X 
Spacecraft Guidance and Control X 
Spacecraft Structures, Materials and Dynamics X 
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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AE3820 DYNAMICS OF SPACE SYSTEM 
(3-2) 
 
Course Coordinator: Marcello Romano 
Date of Preparation: 05/10/2007 




This course is an intermediate level analysis of the dynamics of space systems, including ascent 
and descent of rockets, tethers, yo-yo despin, spinning hubs with flexible appendages, single 
stage to orbit, and various problems in spacecraft attitude dynamics such as nutation dampers. 
The analysis will include developing the equation of motion, equilibrium and stability analysis, 
solutions of nonlinear systems using perturbation methods and numerical techniques. 





Text and References 
Baruh, Haim, Analytical Dynamics, 2nd edition, McGraw-Hill, New York, New York, 1999. 
 
Course Objectives: The student will be able to: 
• Apply Lagrange's Equations to various dynamic systems. 
• Apply Hamilton's and D' Alembert's Principles to dynamic systems. 
• Develop equations of motion for rigid multi-body systems. 
• Review and analyze space robotic systems. 
 
Topics Covered 
Review Newtonian mechanics. Contact dynamics. Principles of analytical mechanics: Lagrange 
equations, holonomic and non-holonomic constraints, Hamilton’s principle, Hamilton’s 
equations. Introduction to rigid multi-body dynamics: multi-body spacecraft, gimbaled pointing 
devices, Stewart-platforms, spacecraft with on-board robotic manipulators, spacecraft docking 
and servicing. The labs focus on the derivation of the equations of motion for significant systems. 
Automatic generation of the equations of motion by using symbolic computation tools is 
introduced. Several space systems dynamics applications are analyzed: yo-yo despinning method, 
gravity turn maneuver, unbalances in reaction wheels, tethered spacecraft, docking interface. 
Dynamics of space based robots. 
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Class and Laboratory Schedule 
Three one-hour (50 minutes) lecture periods each week. One two-hour (100 minutes) laboratory 
period each week. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience.  
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software X 
Spacecraft Guidance and Control X 
Spacecraft Structures, Materials and Dynamics X 
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge X 
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AE3830 SPACECRAFT GUIDANCE AND CONTROL 
(3-2) 
 
Course Coordinator: I.M. Ross 
Date of Preparation: 5/1/07 




Fundamental problems in spacecraft guidance: Estimation, allocation and control.  Illustration of 
the concepts for typical spacecraft sensors and actuators: Linear estimation for rate-gyros, 
nonlinear estimation for GPS, linear and nonlinear allocation problems for thrusters, and reaction 
wheels.  Introduction to optimal control theory and Pontryagin’s Principle.  Application to linear-
quadratic feedback gains with connections to gain-scheduled PD controllers. Emerging methods: 
gain-free feedback controllers. Spacecraft slewing: foundations of time-optimal feedback control. 
Linear tangent steering and powered explicit guidance. Optimal feedforward control.  Integrating 
a 2DOF control system design via a final project. Supporting laboratory work. 
 
Text and References 
No Text.  Class Notes. 
 
Course Objectives: The student will be able to: 
To understand the fundamental principles and modern methods in guidance and control, and to 
acquire an appreciation for advance concepts and their interplay in future space systems.  To 
provide certain prerequisites for follow-on 4000-level courses in guidance and control. 
 
Topics Covered 
• Fundamental problems in G & C: Estimation, Allocation and Control, Linear least-
squares estimation and allocation with connections to MA 3046. Input/output system 
descriptions. 
• Feedback as a means to manage uncertainty, Introduction to spacecraft guidance, 
navigation and control system, Sample spacecraft dynamical models (linear and nonlinear 
plant models). 
• State and control as internal variables: estimation and allocation problems, Introduction 
to Monte Carlo simulations and hardware-in-the-loop simulations, Review of PD 
controllers: Assignment 1, Linear estimation problem formulation: rate-gyro example, 
Unconstrained minimization: theory and techniques, Batch estimation for linear static 
systems: quadratic optimization; pseudoinverses, Attitude estimation: Wahba problem 
formulation, Nonlinear estimation: GPS example, Nonlinear estimation: Constrained 
nonlinear minimization, Control allocation: quadratic programming, Control allocation 
examples: introduction to Lagrange multiplier theory, Generic estimation and allocation 
problems: Karush-Kuhn-Tucker conditions and sequential estimation (Kalman filtering), 
Ascent and entry guidance examples; spacecraft reorientation examples, Formulation of 
the Bolza problem, Hamiltonian formalism, Minimum Principle: Foundations, Double-
integrator: quadratic cost problem formulation and Hamiltonian solution, Issues in 
computing feedback gains (via LQP), Real-time computation (matrix inverse and LU 
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decomposition), Time-optimal control: bang-bang principle, Linear-tangent steering, 
Powered – explicit guidance, Inner loops and tracking problems, Outer loops and 
planning problems, Guidance versus control recap, Term project. 
 
Class and Laboratory Schedule 
This course meets 5 times per week for lectures of 50 minutes. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
X 
(d) A major design experience. X 
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software  
Spacecraft Guidance and Control X 
Spacecraft Structures, Materials and Dynamics  
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge X 
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AE3851 SPACECRAFT PROPULSION 
(3-2) 
 
Course Coordinator: O. Biblarz 
Date of Preparation: 4/2/07 




Introduces concepts and devices in launch and spacecraft propulsion. It reviews fundamental 
compressible fluid mechanics, electricity and magnetism, and thermodynamics with molecular 
structure. Conventional chemical means such as the H2/02 bipropellant system and 
monopropellants are presented. Electric propulsion schemes (resistojets, arc-jets, ion, and Hall 
thrusters) are introduced and their performances contrasted with chemical schemes. 
 
Prerequisite 
Graduate standing in science or engineering. 
 
Text and References 
Text: Sutton, George P. and Biblarz, Oscar, “Rocket Propulsion Elements”, 7th edition, John 
Wiley & Sons, Inc., New York, New York, 2001. 
Reference: Zucker, Robert D. and Biblarz, Oscar, “Fundamentals of Gas Dynamics”, 2nd edition, 
John Wiley & Sons, Inc., Hoboken, New Jersey, 2002. 
 
Course Objectives: The student will be able to: 
• Calculate the thrust from a rocket given conditions that allow the determination of 
momentum-thrust and pressure-thrust with underexpanded, design, and over- expanded 
exhausts. 
• Calculate specific impulse in seconds and explain its significance. 
• Calculate the exit conditions of an ideal supersonic nozzle under frozen, perfect-gas flow. 
• Define the concepts of thrust coefficient, characteristic velocity, mass flow rate, area ratio, 
pressure ratio, and isentropic flow. 
• Calculate the change of vehicle velocity as a function of initial and final vehicle mass, in 
gravity-free, drag-free flight. Moreover, the student will be able to describe the concept 
of launch vehicle multistage and how the concept works. 
• Calculate the molecular mass of the mixture, the mixture ratio and the individual flow 
rates of oxydizer and fuel in a liquid rocket engine, given the mole fractions of the 
products of combustion. 
• Explain why hydrogen is the best (chemical) fuel and why hydrogen-bearing fuels are run 
fuel rich. Explain propellant delivery systems and the problems of hydrogen storage. 
• Contrast the performance and characteristics of liquid and solid propellants and, given the 
burning rate of a solid propellant, calculate the effect of ambient temperature and 
chamber pressure on performance. 
• Describe the performance of electrothermal thrusters such as the resistojet and the arcjet 
in terms of terms of thermodynamic relations. 
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• Describe and calculate thrust for the electrostatic (ion engine) and electromagnetic (Hall 
and MPD) thrusters. 
• Explain the existence of the optimum specific impulse in space flight and relate it to 
mission time and engine characteristics. 
 
Topics Covered 
Introduction to the topic; classification of rocket propulsion systems; definitions and 
fundamentals of spacecraft propulsion systems; thermal thrusters; nozzle theory and 
thermodynamic relations; flight performance; chemical rockets analysis; liquid propellant 
chemical rockets; solid propellant chemical rockets; electric propulsion, thermal and non-thermal. 
 
Class and Laboratory Schedule 
Three one-hour (50 minutes) lecture periods each week. One two-hour (100 minutes) problem 
session each week with occasional lab demonstrations. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience. X 
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing X 
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software  
Spacecraft Guidance and Control  
Spacecraft Structures, Materials and Dynamics X 
Propulsion Systems X 
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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AE3870 COMPUTATIONAL TOOLS FOR SPACECRAFT DESIGN 
(2-4) 
 
Course Coordinator: B. N. Agrawal 
Date of Preparation: 5/1/07 




In this course, the students become familiar with the use of computer aided design tools for 
spacecraft subsystems and system design. The tools are for conceptual spacecraft design trade-




Consent of instructor 
 
Text and References 
Text: Instructor's notes 
References: none 
 
Course Objectives: The student will be able to: 
• Aerospace conceptual design center spacecraft design program for conceptual spacecraft 
design. 
• Structures and thermal control design tools, such as NASTRAN and IDEAS. 
• Spacecraft Cost Estimating computer programs. Identify the primary design drivers for 
the spacecraft. 
• Spacecraft attitude control design programs. 
• Orbit design programs, such as STK and SOAP 
• Communications design programs. 
• Initial review of requirements for spacecraft design project in AE4871 
 
Topics Covered 
The topics covered in this course include Aerospace Conceptual Design Center program and 
their usage as team, NASTRAN and IDEAS for structural and thermal control design, NASA 
and Air Force spacecraft cost estimating program, STK and SOAP programs for orbit analysis, 
Attitude control programs using MATLAB/Simulink, introduction to the requirements for 
spacecraft design project in AE4871. 
 
Class and Laboratory Schedule 
Two one-hour (50 minutes) lecture periods each week. Two two-hour (100 minutes) laboratory 
period each week. 
Department of Mechanical and Astronautical Engineering     Self Study Report 
 
 86
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience. X 
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software X 
Spacecraft Guidance and Control  
Spacecraft Structures, Materials and Dynamics  
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration X 
Military Space Systems  
Project Management and System Acquisition X 
Conduct and Report Independent Research  
Advance Knowledge  
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AE4816 DYNAMICS AND CONTROL OF SPACE STRUCTURES 
(4-0) 
 
Course Coordinator: B. N. Agrawal 
Date of Preparation: 5/1/07 




Review of dynamics, finite element method, structural natural frequencies, mode shapes, and 
control of flexible structures. Smart sensors and actuators and applications to active vibration 
control, shape control, vibration isolation and fine beam pointing. Equation of motion of 
spacecraft with flexible structures, and control of spacecraft and flexible structures. The 
interaction of flexibility and control. Impact of flexibility on the performance of military 
spacecraft and future trends. 
 
Prerequisites 
Graduate AE3830, ME3521, and EC2300 or equivalent. 
 




Course Objectives: The student will be able to: 
• Develop equations of motion of a system using Lagrange's equations. 
• Develop a finite element model of a continuous system. 
• Determine the natural frequencies and modes shapes of a system. 
• Develop equations of motion of a flexible spacecraft in terms of modal coordinates. 
• Review control and structures and control interaction. 
• Review design of notch filters. 
• Design attitude control for flexible spacecraft. 
• Explain the basic principles of smart sensors, such as piezoceramic, piezofilm, strain 
gages, and fiber optics. 
• Explain the basic principles of smart actuators, such as piezoceramic, piezofilm, and 
shape memory alloy. 
• Review the impact of flexibility on the performance of military spacecraft. 
• Review jitter control techniques. 
• Review shape control of large flexible mirrors. 
 
Topics Covered 
The topics covered in this course include review of Lagrange's equation, finite element model; 
natural frequencies and modes shapes; equations of motion of flexible spacecraft simulator;  
control laws, impact of flexibility on spacecraft attitude control;  control and structures 
interaction, notch filters, control design of flexible spacecraft; smart sensors, including 
piezoceramic, piezofilm, strain gages, and fiber optics; smart actuators, including piezoceramic, 
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piezofilm, and shape control alloys;  jitter control techniques; shape control pf large flexible 
mirrors. 
 
Class and Laboratory Schedule 
Five one-hour (50 minutes) lecture periods each week. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience.  
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software  
Spacecraft Guidance and Control X 
Spacecraft Structures, Materials and Dynamics X 
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge X 
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AE4850 ASTRODYNAMIC OPTIMIZATION 
(3-2) 
 
Course Coordinator: I.M. Ross 
Date of Preparation: 5/1/07 




This course focuses on emerging problems in astrodynamic optimization with a final project 
varying from year to year based on problems related to national security or civilian space. The 
core part of the course deals with the following topics. Fundamental ingredients of optimization: 
objective function, constraint set and optimization variables. Optimization problems in space 
reconnaissance and surveillance. Duality between objective function and constraints.  
Maximizing surveillance opportunities.  Dynamic optimization and the Brachistochrone 
paradigm.  Scaling and balancing equations.  Choosing designer units to overcome limitations of 
physical units.  Concept of the Bellman value function. Dynamic programming principle and 
introduction to Hamilton-Jacobi-Bellman inequalities.  Overcoming the curse of dimensionality.  
Illustrating Bellman’s Principle for the Brachistochrone problem. Sample problems will be used 
to illustrate the mathematical principles.  Examples: Finite-thrust and low-thrust orbit transfers.  
Rendezvous, intercept and optimization problems in space-based space surveillance.  Time-
optimal spacecraft slewing. Derivation of the switching function. Verification and validation of 
the results. 
 
Text and References 
No Text.  Class Notes. 
 
Course Objectives 
To understand the principles of static and dynamic optimization theory, with a particular 
emphasis on astrodynamics problems, and to acquire a working knowledge in practical tools.  
The emphasis of this course will be on proper problem formulation.  The “modeling” courses, 
SS2500 and AE3815 are necessary to develop dynamical models for various astro-systems.  The 
course will also reveal how principles from other sciences (e.g. dynamics, optics, etc.) can be 
viewed under a unified framework of dynamic optimization. 
 
Topics Covered 
Sample dynamic optimization problems in space missions, Sample dynamic optimization 
problems in terrestrial applications, Derivation of Euler-Lagrange equations from the Minimum 
Principle, Quick review of the orbit dynamic equations, Formulating an orbit transfer problem, 
Initial application of the Minimum Principle, Modeling the problem, Scaling and balancing the 
equations, Setting up the problem for computation: Introduction to DIDO, Verification & 
Validation of computational results, Analysis of alternative models and problem formulations, 
Principle of optimality, The Value function and its properties, Hamilton-Jacobi-Bellman 
Equations, A low-thrust problem formulation, Scaling and balancing, Application of Bellman’s 
principle, Engineering and mathematical formulations of the orbit-transfer problem, Non-
uniqueness of state variables, Choice of system variables and aliasing problems, Assignment: 
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solve the orbit-transfer problem, Interior point constraints, Interior point transversality conditions, 
Implementing interior point constraints using hard knots, Pure state constraints: issues and 
verification principles, Introduction to hybrid optimal control, Introduction to multi-agent control 
problems, Principle of Optimality, Minimum Principle Redux, Static Optimization for inequality 
constraints, Minimizing the Hamiltonian, Computing duals in DIDO, Verification of optimality 
conditions for the moon-landing problem, Minimum-time spacecraft reorientation, Minimum-
time slew maneuver of flexible spacecraft, Single-stage-to-orbit problem, Optimal transfer to and 
control of Halo-orbits, Periodic cruise for high altitude UAVs. 
 
Class and Laboratory Schedule 
This course meets 3 times per week for lectures of 50 minutes and 2 hrs/week for problem 
sessions. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
X 
(d) A major design experience. X 
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software  
Spacecraft Guidance and Control X 
Spacecraft Structures, Materials and Dynamics  
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge X 
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AE4870 SPACECRAFT DESIGN AND INTEGRATION I 
(4-0) 
 
Course Coordinator: B. N. Agrawal 
Date of Preparation: 5/3/07 




Principles of spacecraft design considerations, spacecraft configurations, design of spacecraft 
subsystems, interdependency of designs of spacecraft subsystems, launch vehicles, mass power 
estimation, and trade-offs between performance, cost, and reliability. The emphasis is on military 
geosynchronous communications satellites. The course includes an individual design project. 
 
Prerequisites 
AE2820, AE3804, AE3851, AE3818, and EC3230 
 
Text and References 
Text: Agrawal, RN., Design of Geosynchronous Spacecraft, Prentice-Hall, Inc., Englewood 
Cliffs, New Jersey, 1986. 
Reference: none 
 
Course Objectives: The student will be able to: 
• Describe spacecraft configurations and assess the impact of spacecraft orbit, mission, and 
launch vehicle. 
• Estimate mass and power requirements for a spacecraft. 
• Describe launch vehicles and their performance. 
• Explain orbit elements, delta v required for station-keeping and station repositioning 
maneuvers, eclipses, and launch windows. 
• Explain principles of solar arrays, state-of-art of solar arrays, batteries, power 
conditioning electronics, and design of electric power sub-system. 
• Explain the principles of spin-stabilization, gravity gradient and three-axis reaction 
wheels system and the preliminary design of attitude control subsystem, sensors, and the 
estimation of disturbance torques. 
• Explain the principles of hydrazine, electro-thermal, bipropellant, and ion thrusters. 
Perform the preliminary design of a propulsion subsystem. 
• Conduct the preliminary design of a spacecraft structure, launch loads, materials, design 
criteria, structural configuration, design of structural elements, such as shells, struts, 
panels. Conduct trade-off of mass, cost and reliability. 
• Conduct the preliminary design of spacecraft thermal control, radiation, solar input, and 
thermal elements such as radiators, insulation, heat pipes, louvers, calculation of 
spacecraft temperature. Describe an example of spacecraft thermal control and testing. 
• Conduct the preliminary design of a spacecraft communications subsystem, transponder, 
antennas, link budget, modulation. 
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• Conduct an individual geosynchronous spacecraft bus design project for a given payload 




The topics covered in this course include a review of spacecraft configurations and the impact of 
spacecraft orbit, mission, and launch vehicle; estimation of spacecraft mass and power; launch 
vehicles; orbits; and preliminary design of spacecraft attitude control, propulsion, electric power, 
Structures, thermal, and communications subsystems, and preliminary design of geosynchronous 
spacecraft bus. 
 
Class and Laboratory Schedule 
Four one-hour (50 minutes) lecture periods each week. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience. X 
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing X 
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software X 
Spacecraft Guidance and Control X 
Spacecraft Structures, Materials and Dynamics X 
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration X 
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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AE4871 SPACECRAFT DESIGN AND INTEGRATION II 
(2-4) 
 
Course Coordinator: B. N. Agrawal 
Date of Preparation: 5/1/07 




A team project oriented course on design of non-geosynchronous spacecraft systems. Provides 
understanding of the principles of space system design, integration and system engineering, and 
their application to an overall spacecraft mission. Considerations are given to cost, performance, 
and test plan. Several DOD/NASA organizations, such as Naval Research Laboratory and Jet 
Propulsion Laboratory, provide support in the definition of the mission requirements for the 





Text and References 
Text: Instructor's notes 
References: none 
 
Course Objectives: The student will be able to: 
• Conduct a team spacecraft design project for the specifications provided by a sponsor, 
equivalent to a RFP. 
• Form a team with a project manager with overall responsibility for the project, including 
schedule, design reviews and final report, system engineer responsible for the spacecraft 
configurations and system trade-offs, and subsystem engineer, including cost and tests. 
• Explain the specifications provided by the sponsor and identify the areas where 
modifications may be required and get final specifications approved by the sponsor. 
• Identify the primary design drivers for the spacecraft. 
• Perform system trade-offs and select spacecraft configuration, which best meets the 
specifications, keeping in mind the cost and reliability as important design drivers. 
• Make a presentation at a mid-term design review to the sponsor on system trade-offs and 
recommended spacecraft configuration and obtain sponsor approval. 
• Perform detailed subsystem designs using the design tools; include the selection of 
components, manufacturers, masses and sizes and location on the spacecraft, and analysis 
to meet the performance requirements. 
• Make a presentation of the spacecraft design at the final design review for the sponsor 
and reviewers from industry, NASA, and DoD; for each subsystem, include performance 
requirements, design trade-offs, subsystem design description, and performance 
verification by analyses, mass and power. 
• Based on the comments from reviewers, make modifications to the spacecraft design, if 
necessary. 
• Write a final project report on the spacecraft design. 




The topics covered in this course include spacecraft specifications, responsibility of the team 
members, weekly progress reports, system trade-offs, design drivers, spacecraft configurations, 
requirements for mid-term design reviews, finalization of spacecraft configurations, detailed 
subsystem design, requirements for final design review, comments from reviewers, and 
requirements for the report. 
 
Class and Laboratory Schedule 
Two one-hour (50 minutes) lecture periods each week. 
Two two-hour (100 minutes) laboratory period each week. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience. X 
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy X 
Orbital Mechanics, Space Environment and Remote Sensing X 
Spacecraft Communications and Signal Processing X 
Computers: Hardware and Software X 
Spacecraft Guidance and Control X 
Spacecraft Structures, Materials and Dynamics X 
Propulsion Systems X 
Spacecraft Thermal Control and Power X 
Spacecraft Design and Integration X 
Military Space Systems X 
Project Management and System Acquisition X 
Conduct and Report Independent Research X 
Advance Knowledge  






Course Coordinator: Xiaoping Yun 
Date of Preparation: 05/20/07 




The main subject of this course is the analysis of feedback systems using basic principles in the 
frequency domain (Bode plots) and in the s-domain (root locus). Performance criteria in the time 
domain such as steady-state accuracy, transient response specifications, and in the frequency 
domain such as bandwidth and disturbance rejection, will be introduced. Simple design 
applications using root locus and Bode plot techniques will be addressed in the course. 
Laboratory experiments are designed to expose the students to testing and evaluating 




EC2100, and ability to program in MATLAB. 
 
Text and References 
Franklin, Powell, & Emanual-Naimi, Feedback Control of Dynamic Systems, Addison-Wesley 
(0-201-115-409). 
Dorf & Bishop, Modern Control Systems, Addison-Wesley (0-201-50174-0). 
Nise, Control Systems Engineering, Addison-Wesley (0-805-53542-7). 
Chen, Analog and Digital Control System Design, Saunders, 1993 (0-03-094070-2 
 
Course Objectives: The student will be able to: 
• Given an electrical or mechanical system, the student will be able to derive a 
mathematical model of the system in the form of transfer functions. 
• The student will be able to understand the difference between time invariant systems and 
time varying system, and the difference between linear systems and nonlinear systems. 
• Given a transfer function, the student will be able to obtain zero-input response and zero-
state response. 
• Given a multiple loop control block diagram, the student will be able to manipulate and 
simplify it into a single loop diagram, and obtain the corresponding transfer function. 
• The student will be able to understand the concept of open-loop and closed-loop systems. 
• The student will be able to understand the importance of closed-loop systems in practical 
applications where modeling errors and measurement errors are present. 
• The student will be able to analyze the performance of a control system in terms of 
steady-state error, rise time, settling time, overshoot. 
• The student will have a good understanding of the concept of system stability. 
• The student will be able to test stability of a given system using the Routh test method. 
• The student will be able to draw Nyquist plots of a given system, and determine stability 
of the system based on the Nyquist plot. 
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• Given a transfer function, the student will be able to draw root-locus plots. 
• The student will be able to determine stability of a system based on plots of root-locus. 
Given a simple to moderate transfer function, the student will be able to perform system 
design using root-locus plots and Nyquist plot. 
 
Topics Covered 
(Mathematical preliminary, models for physical systems, linear time invariant systems, zero-
input and zero-state response. Block diagrams for control systems, transfer functions of DC 
motors and transducers, manipulation of block diagrams, open-loop and closed-loop transfer 
functions. Analyses of control systems, first and second order systems, time-domain performance 
specifications (steady-state error, rise time, settling time, overshoot), stability, the Routh test, 
Nyquist plots and Nyquist stability criterion.  The Root-Locus Method, desired pole regions for 
first and second order systems, basic rules for plotting the Root Locus, design of control systems 
using the Root Locus. Frequency-domain techniques, Bode plots, frequency-domain 
performance specifications, design of control systems using Bode plots. 
 
Class and Laboratory Schedule 
Three one-hour (50 minutes) lecture periods each week.  One two-hour laboratory period each 
week. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience. X 
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software  
Spacecraft Guidance and Control X 
Spacecraft Structures, Materials and Dynamics  
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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EC2820 DIGITAL LOGIC CIRCUITS 
(3-2) 
 
Course Coordinator: D. J. Fouts 
Date of Preparation: 05/20/07 




An introductory course in the analysis and design of digital logic circuits that are the basis for 
military and civilian computers and digital systems. No previous background in digital concepts 
or electrical engineering is assumed. Topics include data representation, Boolean algebra, logic 
function minimization, the design and application of combinatorial and sequential SSI, MSI, and 
LSI logic functions including programmable devices,  ROMs, RAMs, and the fundamentals of 
finite state machine design and applications. Laboratories are devoted to the analysis, design, 
implementation, construction, and debugging of combinatorial and sequential logic circuits using 





Text and References 
M. Morris Mano, Digital Design, 3rd Edition, Prentice-Hall, 2001. 
 
Course Objectives 
Given the specifications for a positional number system, the student will be able to convert 
between the specified system and the decimal number system, Given the specification for a 
binary code, the student will be able to encode and decode data, Given a logic problem, the 
student will be able to express the problem using Boolean algebra and canonical form, Given a 
Boolean expression, the student will be able to minimize the expression using the laws, axioms, 
and theorems of Boolean algebra, including DeMorgan’s theorem, and express the answer in S-
O-P and P-O-S forms, Given a Boolean expression, the student will be able to minimize the 
expression using Karnaugh mapping and the Quine McCluskey algorithm, Given a combinatorial 
Boolean expression, the student will be able to design a digital logic circuit that implements the 
expression, Given a combinatorial logic circuit, the student will be able to derive the Boolean 
expression the circuit implements, Given a sequential logic problem, the student will be able to 
express the problem with a state table and state diagram, Given a state table or state diagram, the 
student will be able to implement the design with either a Mealey or a Moore sequential logic 
circuit, as appropriate., Given a Mealey or Moore sequential logic circuit, the student will be able 
to describe the circuit using a state table and state diagram. 
 
Topics Covered 
Binary number representation formats, including integer and fractional positional number 
systems, Binary codes for data representation, logic testing, and error checking, including ASCII, 
EBCDIC, Grey, parity, and excess codes, Boolean algebra, including the laws, axioms, and 
theorems necessary to manipulate and minimize Boolean expressions, including DeMorgan’s 
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Theorem and canonical, S-O-P, and P-O-S forms, Minimization techniques, including Karnaugh 
mapping and the Quine – McCluskey algorithm, The design and implementation of SSI, MSI, 
and LSI combinatorial logic circuits and their applications, including inverters, NOR gates, 
NAND gates, AOI gates, multiplexers, demultiplexers, decoders, adders/subtractors, and carry 
lookahead circuits,  Programmable logic devices, ROMs and RAMs, and their applications, The 
design and implementation of flip-flops, registers, shift registers, and counters, and their 
application, Finite state machines, including both the Mealey and the Moore model, The 
fundamentals of finite state machine design, implementation, and application, including state 
tables, transition diagrams, state minimization, and flip-flop excitation. 
 
Class and Laboratory Schedule 
Three one-hour (50 minutes) lecture periods each week.  One two-hour laboratory period each 
week. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience. X 
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software X 
Spacecraft Guidance and Control  
Spacecraft Structures, Materials and Dynamics  
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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EC3230 SPACE POWER AND RADIATION EFFECTS 
(3-1) 
Course Coordinator: S. Michael 
Date of Preparation: 5/30/07 




Fundamentals of different power systems utilized in spacecraft; photovoltaic power technology; 
solid state physics, silicon solar cells, solar cell measurement and modeling, gallium arsenide 
cells and II-V compounds in general, array designs and solar dynamics. Radiation effects on 
solid state devices and materials. Survivability of solar cells and integrated circuits in space 
environment and annealing method. Other space power systems including chemical and nuclear 
(radioisotope thermoelectric generators and nuclear reactors). Energy storage devices and power 
conversion. Spacecraft power supply design. 
 
Prerequisites 
EC2200 or SS2001 
 
Text and References 
None 
 
Course Objectives: The student will be able to: 
Familiarization with different techniques utilized in modern spacecraft power system design. 
Completion of this course should enable participants to: 
(1) Select appropriate type of power system to satisfy spacecraft design criteria: mission, 
orbit, payload, and survivability. 
(2) Select appropriate types and sizes of solar cells and storage batteries. 
(3) Select appropriate electronic power processors for system design and define the 
necessary building blocks. 
(4) Develop and design electrical power systems for different spacecrafts to meet various 
communication, military and scientific needs. 
 
Topics Covered 
1. Spacecraft power systems  
2. Solar power 
a. Solid state physics 
b. Silicon solar cell and photovoltaic power 
c. Solar cells measurements and modeling 
d. Array design 
e. Space environment and radiation effects 
f. Other state-of-the-art solar cells 
g. Solar Dynamics 
3. Spacecraft alternative power systems 
4. Space nuclear power 
5. Energy storage systems 
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6. Power conditioning and processing 
7. A project for designing a complete satellite power system 
 
Class and Laboratory Schedule 
Three one hour (50 minutes) lecture periods each week.  Seven one hour laboratory periods 
during the quarter. 
• Measurements of solar cells parameters and characteristics. 
• Comparison of radiation effects on different solar cells using the linear accelerator. 
• Comparison of solar cells annealing methods. 
• Implementation of a small solar array. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience.  
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software  
Spacecraft Guidance and Control  
Spacecraft Structures, Materials and Dynamics  
Propulsion Systems  
Spacecraft Thermal Control and Power X 
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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EO2525 COMMUNICATIONS ENGINEERING 
(4-1) 
 
Course Coordinator: R. C. Robertson 
Date of Preparation: 05/20/07 




Basic analog communication techniques are discussed.  The foundations of signals and systems 
are developed from probabilistic and statistical approaches. Emphasis is on communication 
systems relevant to military applications. Topics include AM, FM, probability, random variables, 
probability density and distribution functions; deterministic versus nondeterministic signals; 
expectation, the dc and rms values of nondeterministic signals, correlation and covariance; LTI 
systems, transformation of random variables and the central limit theorem. 
 
Prerequisites 
MA2121 and PH1322 
 
Text and References 
Haykin, Simon, An introduction to analog and digital communications, Wiley, 1989,  (0-471-
85978-8) 
 
Course Objectives: The student will be able to: 
Frequency response methods, Fourier transforms, convolution, linear system response, filters, 
bandwidth, complex low-pass signal representation, Linear modulation techniques: AM, DSB, 
SSB; time and frequency domain signal representations, transmission bandwidth, modulators, 
coherent and noncoherent demodulators, Angle modulation techniques:  frequency and phase 
modulation; time and frequency domain signal representations, transmission bandwidth; 
modulators; phase-locked loops and demodulators, Basics of Probability: axioms of probability. 
Permutations and combinations, Conditional probability: Bayes’ theorem and independence. 
Binary communication over a noisy channel; probability of error calculations, Random 
Variables: Definition. Probability mass function and cumulative distribution function, 
Expectation, Functions, and Moments: The expected value of a random variable. Functions of 
random variables. Characteristic function and moment generating function., Two or More 
Random Variables: Joint pmf, pdf and cdf. Conditional pmfs, pdfs, and cdfs. Sums of random 
variables. The central limit theorem, Introduction to Random Signals (Processes):. Stationary, 
non-stationary, and wide-sense stationary random processes. Ergodic random processes. 
Autocorrelation and power spectral density functions. IID random process and white noise, 
Response of LTI systems to random signals. 
 
Topics Covered 
Frequency response methods, Fourier transforms, convolution, linear system response, filters, 
bandwidth, complex low-pass signal representation, Linear modulation techniques: AM, DSB, 
SSB; time and frequency domain signal representations, transmission bandwidth, modulators, 
coherent and noncoherent demodulators, Angle modulation techniques:  frequency and phase 
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modulation; time and frequency domain signal representations, transmission bandwidth; 
modulators; phase-locked loops and demodulators, Basics of Probability: axioms of probability. 
Permutations and combinations, Conditional probability: Bayes' theorem and independence. 
Binary communication over a noisy channel; probability of error calculations, Random 
Variables: Definition. Probability mass function and cumulative distribution function, 
Expectation, Functions, and Moments: The expected value of a random variable. Functions of 
random variables. Characteristic function and moment generating function., Two or More 
Random Variables: Joint pmf, pdf and cdf. Conditional pmfs, pdfs, and cdfs. Sums of random 
variables. The central limit theorem, Introduction to Random Signals (Processes):. Stationary, 
non-stationary, and wide-sense stationary random processes. Ergodic random processes. 
Autocorrelation and power spectral density functions. 
 
Class and Laboratory Schedule 
Four one-hour (50 minutes) lecture periods each week.  One hour laboratory period each week.  
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences. X 
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience.  
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing X 
Computers: Hardware and Software  
Spacecraft Guidance and Control  
Spacecraft Structures, Materials and Dynamics  
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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EO3525 COMMUNICATIONS ENGINEERING 
(4-1) 
 
Course Coordinator: R. C. Robertson 
Date of Preparation: 05/20/07 




The influence of noise and interference on the design and selection of digital communications 
systems is analyzed. Topics include link budget analysis and signal-to-noise ratio calculations, 
receiver performance for various digital modulation techniques, bandwidth and signal power 
trade-offs, an introduction to spread spectrum communications, and multiple access techniques.  





Text and References 
Sklar, Digital Communications, Fundamentals, and Applications, 2nd Ed., Prentice-Hall, 2001 
(0-13-084788-7). 
 
Course Objectives: The student will be able to: 
Link budget analysis for non-fading channels, Binary digital communications:  BPSK, ASK, 
BFSK, DPSK, baseband and passband waveforms, signal bandwidth, and baseband line codes, 
Coherent demodulators for binary signaling and performance in AWGN., Noncoherent 
demodulators for binary signaling and performance in AWGN, Bandlimited channels and 
intersymbol interference, Bandwidth efficient digital communications:  MPSK and MQAM 
waveforms, signal bandwidth, receiver structure, performance in AWGN, comparison with 
binary signaling schemes, Power efficient digital communications:  MFSK, MBOK, CCK, M-ary 
orthogonal signaling waveforms, receiver structure, performance in AWGN, comparison with 
binary and bandwidth efficient M-ary signaling schemes, Introduction to spread spectrum 
communications:  LPI, LPD, AJ, PN codes, Direct sequence spread spectrum (DSSS), Multiple 
access techniques:  TDMA, FDMA, and CDMA. 
 
Topics Covered 
Link budget analysis for non-fading channels, Binary digital communications:  BPSK, ASK, 
BFSK, DPSK, baseband and passband waveforms, signal bandwidth, and baseband line codes, 
Coherent demodulators for binary signaling and performance in AWGN., Noncoherent 
demodulators for binary signaling and performance in AWGN, Bandlimited channels and 
intersymbol interference, Bandwidth efficient digital communications:  MPSK and MQAM 
waveforms, signal bandwidth, receiver structure, performance in AWGN, comparison with 
binary signaling schemes, Power efficient digital communications:  MFSK, MBOK, CCK, M-ary 
orthogonal signaling waveforms, receiver structure, performance in AWGN, comparison with 
binary and bandwidth efficient M-ary signaling schemes, Introduction to spread spectrum 
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communications: LPI, LPD, AJ, PN codes, Direct sequence spread spectrum (DSSS), Multiple 
access techniques:  TDMA, FDMA, and CDMA. 
 
Class and Laboratory Schedule 
Four one-hour (50 minutes) lecture periods each week.  One hour laboratory period each week. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience.  
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing X 
Computers: Hardware and Software  
Spacecraft Guidance and Control  
Spacecraft Structures, Materials and Dynamics  
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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MA2121 DIFFERENTIAL EQUATIONS 
(4-0) 
 
Course Coordinator: Wei Kang 
Date of Preparation: 05/15/07 




Ordinary differential equations: linear and nonlinear (first order) equations, homogeneous and 
non-homogeneous equations, linear independence of solutions, power series solutions, systems 
of differential equations, Laplace transforms. Applications include radioactive decay, elementary 





Text and References 
Text: Elementary Differential Equations and Boundary Value Problems, eighth edition, by 
Boyce & DiPrima. ISBN: 0-471-43338-1, John Wiley & Sons, Inc., 2005. 
References: none 
 
Course Objectives: The student will be able to: 
The general purpose of this course is to provide an understanding of ordinary differential 
equations (ODE's), and to give methods for solving them. Upon completion of this course, the 
student should have knowledge of first-Order linear and nonlinear Equations, Second-Order 
Linear Equations, Series Solutions, Laplace Transforms, Systems of Equations 
 
Topics Covered 
Introduction, classification of differential equations, linearity, First order equations, linear 
equations, separable equations, Modeling using ODE’s, Existence and uniqueness for nonlinear 
equations. Applications of first-order equations, Exact equations, Second order linear equations, 
homogeneous constant-coefficient, fundamental solutions, linear independence and the 
Wronskian, Complex roots, repeated roots, reduction of order, Nonhomogeneous equations, 
undetermined coefficients, variation of parameters, Oscillations: free and forced, Higher-order 
linear equations (overview), Series solutions, review of power series, ordinary points, regular 
singular points, solving ODE’s using power series, Euler-Cauchy equations, Laplace transforms, 
definition of Laplace transforms, solving initial value problems, Step functions and 
discontinuous forcing, Dirac delta function, Solving initial value problems with discontinuous or 
impulse forcing function, Laplace convolution, Systems of equations, introduction, review of 
matrices, linear algebraic systems, eigenvalues and eigenvectors, Linear first order differential 
systems, homogeneous constant-coefficient systems, nonhomogeneous systems 
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Class and Laboratory Schedule 
Four one-hour (50 minutes) lecture periods each week. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences. X 
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience.  
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software  
Spacecraft Guidance and Control X 
Spacecraft Structures, Materials and Dynamics  
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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MA3046 MATRIX ANALYSIS 
(4-1) 
 
Course Coordinator: Carlos Borges 
Date of Preparation: 05/15/07 




This course provides students in the engineering and physical sciences curricula with an 
applications-oriented coverage of major topics of matrix and linear algebra. Matrix factorizations 
(LU, QR, Cholesky), the Singular Value Decomposition, eigenvalues and eigenvectors, the 
Schur form, subspace computations, structured matrices. Understanding of practical 




MA2043 and EC1010 
 
Text and References 
Trefethen and Bau, Numerical Linear Algebra, 1st Ed. 
 
Course Objectives: The student will be able to: 
This course provides students in the engineering and physical sciences curricula with an 
applications-oriented coverage of the major topics of matrix and linear algebra. Principal results 
will be examined not only from theoretical and geometric aspects, but also from the perspective 
of how those results can actually be implemented numerically, and the relative complexity and 
expected accuracy of that implementation. 
 
Topics Covered 
Fundamentals - Introduction. Review of Vectors, Matrices, and Matrix-Vector Operations. Inner, 
Products, Orthogonality and Norms. The Singular, Value Decomposition, Practical 
Considerations – Floating Point Numbers and Computational Accuracy. Influences of Hardware 
and Software Architecture. QR Factorization and Least Squares – Projectors. QR Factorization. 
Gram-Schmidt Methods, Householder and Givens Methods. Orthogonal, Triangularization. Least 
Squares, Conditioning and Stability - Conditioning and Condition Numbers. Floating Point 
Arithmetic. Stability Considerations for Specific Algorithms. Systems of Equations - Gaussian 
Elimination. Pivoting Strategies and Their Effects. Stability. Analysis. Cholesky Factorization. 
Eigenvalues - The Eigenvalue Problem. Overview of Eigenvalue Algorithms. Power Methods, 
Rayleigh. Quotients and Inverse Iteration. QR Methods. Other Algorithms. Application to the 
SVD. Iterative Methods - Iteration. Jacobi, Gauss-Seidel and SOR. Krylov Space Methods. 
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Class and Laboratory Schedule 
Four one-hour (50 minutes) lecture periods each week.  One hour lab. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences. X 
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience.  
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software  
Spacecraft Guidance and Control X 
Spacecraft Structures, Materials and Dynamics  
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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ME3521 MECHANICAL VIBRATION 
(3-2) 
 
Course Coordinator: J. Gordis 
Date of Preparation: 5/14/07 




Elements of analytical dynamics, free and forced response of single degree and multi-degree of 
freedom systems. Dynamic response using modal superposition method. Properties of stiffness 
and inertia matrices, orthogonality of modal vectors, eigenvalue problem, modal truncation, 




ME2503, ME3601, MA2121 or equivalent (may be taken concurrently). 
 
Text and References 
(a) Instructor’s notes. 
(b) Theory of Vibration with Applications by Thomson, W. T. and Dahleh, M. D. 
ISBN: 0-13-651068-X, Prentice-Hall, Inc 
 
Course Objectives: The student will be able to: 
• Model simple mechanical and structural systems: The class emphasizes the modeling of 
mechanical and structural systems as simple single and multi-degree of freedom systems. 
Discussed are real world examples where complex systems exhibiting undesirable 
vibration characteristics are modeled and analyzed as low dimensional systems. Students 
are presented with techniques for modeling simple single and multi-degree of freedom 
systems. Newtonian and analytic (Lagrangian) methods for deriving the governing 
differential equations of motion are covered. Linear and nonlinear systems and equations 
are contrasted. 
• Solve the governing differential equations: General methods for obtaining the solution to 
the various governing differential equations are presented. The physics of vibration is 
discussed with respect to these solutions. The relationship of vibration theory to linear 
system theory and control theory is discussed. 
• Understand applications: Various real world applications of the theory are examined, 
including the critical speed of rotating shafts, vibration isolation, measurement of 
vibration (transducer theory), frequency response analysis. Various examples from civil, 
structural, mechanical, naval, and aerospace engineering are discussed. 




Undamped free vibration, basic definitions,  Differential equation description and solution, 
Single degree-of-freedom systems - simple harmonic oscillator/motion, Distributed systems - 
Rayleigh’s method for frequency estimation, Vector analysis of motion- velocity, acceleration in 
moving reference frame, linear vs. nonlinear systems/equations, stable vs. unstable systems, 
Damped free vibration - viscous damping, basic definitions, Single degree-of-freedom systems, 
Damped Forced Vibration, General periodic excitation, Solution to differential equation, 
Rotating shafts, critical speeds, Frequency response, Applications, Absolute vs. relative 
generalized coordinates, vibration isolation, transducer theory, velocimeter, accelerometer, load 
cells, Energy methods, kinetic and potential energies, Lagrange’s equation, Multi-degree-of-
freedom systems, matrix differential equations - basic linear algebra, eigenvalue problems, mode 
shapes, Orthogonality, modal decomposition. 
 
Class/Laboratory Schedule 
Three one-hour (50 minutes) lecture periods each week.  One two-hour laboratory period each 
week. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience.  
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software  
Spacecraft Guidance and Control  
Spacecraft Structures, Materials and Dynamics X 
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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MN3331 SYSTEM ACQUISITION AND PROGRAM MANAGEMENT 
(5-1) 
 
Course Coordinator: Rene G. Rendon 
Date of Preparation: 5/14/07 




This course provides the student with an understanding of the underlying concepts, fundamentals 
and philosophies of the Department of Defense systems acquisition process and the practical 
application of program management methods within this process. The course examines 
management characteristics and competencies, control policies and techniques, systems analysis 
methods and functional area concerns. Techniques for interpersonal relationships will be 
examined in team exercise settings. Topics, from a program management perspective, include 
the evolution and current state of systems acquisition management, the system acquisition life 
cycle, requirements analysis, systems engineering, contract management, resource management, 
test and evaluation, user-producer acquisition management disciplines and activities; and 
program planning, organizing, staffing, directing and controlling. Case studies are used to 






Text and References 
Forsberg, K., et al. (2005). Visualizing Project Management, 3rd Ed. New York: Wiley. 
 
Course Objectives: The student will be able to: 
• This course provides the student with an understanding of the underlying concepts, 
fundamentals, and philosophies of the systems acquisition process and the practical 
application of program management methods within this process. 
• The course examines management characteristics and competencies, control policies and 
techniques, systems analysis methods, and functional area concerns. 
• Techniques for interpersonal relationships will be examined in team exercise settings. 
• Topics include the evolution and current state of systems acquisition management; the 
system acquisition life cycle; user-producer acquisition management disciplines and 
activities; and program planning, organizing, staffing, directing and controlling. 
• Case studies are used to analyze various acquisition issues. 
 
Topics Covered 
Project Management, Capabilities Integration Development, Acquisition Management 
Systems Engineering, Contract Management, Defense Resource Allocation, Test and Evaluation, 
Software Management, Earned Value Management. 




Five one-hour (50 minutes) lecture periods each week.  One hour laboratory period each week.  
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
 
(c) A general education component that complements the technical component 
of the curriculum. 
X 
(d) A major design experience.  
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software  
Spacecraft Guidance and Control  
Spacecraft Structures, Materials and Dynamics  
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition X 
Conduct and Report Independent Research  
Advance Knowledge  
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NW3230 STRATEGY AND POLICY 
(4-0) 
 
Course Coordinator: Drake, Fred 
Date of Preparation: 5/14/07 




The S&P course is designed to prepare the military officer for the mid-level to advanced stages 
of a professional career in which he or she may be intimately involved in the interplay between 
military power and the political process – that is, between strategy and policy. The course uses 
historical examples to demonstrate the military officer's urgent need for a joint and combined 
warfare perspective on the military perspective on the military profession. That perspective 
significantly enhances the ability of strategic thinkers and war-fighters to wield the military 
instrument in support of national goals. In the early stages of an officer's career he or she is 
trained in tactics. The S&P curriculum, in contrast, is designed to teach officers to think 
strategically. The course illustrates the relationship between a nation's political interests and 
goals and the ways military force may be used to achieve them. It focuses on a series of studies 
that begins with interests, continues through conflict and ends with the final post-war settlement. 
Academic disciplines of history, political science, military studies, and international relations are 
woven into a coherent analysis of how wars begin, how they are fought and how they end. The 
Strategy & Policy course hones the officer's ability to analyze past operations and apply 
historical lessons to future joint and combined operations. Three facets of the course develop 
strategic thought. First and foremost, the course focuses extensively on the strategic analyses that 
are the cornerstone of strategic thought, particularly the works of Clausewitz, Sun Tzu, Mahan 
and Corbett. Second, the masters' work is used to analyze strategic decisions made during several 
historical conflicts. Collectively these case studies sharpen the student's understanding of the 
essence of strategy. Clear, objective and imaginative thinking is the framework for the final part 
of the course where students consider recent wars as well as conflicts that may occur in the 
future. 
 










Five one-hour (50 minutes) lecture periods each week.  One hour laboratory period each week.  
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Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
 
(c) A general education component that complements the technical component 
of the curriculum. 
X 
(d) A major design experience.  
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy X 
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software  
Spacecraft Guidance and Control  
Spacecraft Structures, Materials and Dynamics  
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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PH2514 INTRODUCTION TO THE SPACE ENVIRONMENT 
(4-0) 
 
Course Coordinator: Richard C Olsen 
Date of Preparation: 05/01/07 




Plasma concepts. Solar structure and magnetic field, particle and electromagnetic emissions from 
the sun, the geomagnetic field, and the magnetosphere, radiation belts, structure and properties of 




A course in basic electricity and magnetism. 
 
Text and References 
Text: None 
(a) Instructor’s notes. 
References: none 
 
Course Objectives: The student will be able to: 
• Recognize solar phenomena which can affect satellites; 
• Understand the connection between solar flares and earth-space weather 
• Understand the satellite environmental factors affecting satellite design for LEO, GEO, 
and other common satellite orbits. 
• Recognize the interactions between satellite environments and satellite behavior. 
Topics Covered 
1 Basic atomic and plasma physics 
2 Solar Physics 
3 Solar Wind 
4 The Earth’s magnetic field 
5 The magnetosphere 
6 The Earth’s atmosphere 
7 The Ionosphere 
8 Satellite environment interactions 
a. Satellite Charging 
b. Atmospheric drag and surface interactions 
c. Orbital Debris 
d. Radiation effects 
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Class and Laboratory Schedule 
Four one-hour (50 minutes) lecture periods each week. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience.  
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing X 
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software  
Spacecraft Guidance and Control  
Spacecraft Structures, Materials and Dynamics  
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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PH3052 PHYSICS OF SPACE AND AIRBORNE SENSOR SYSTEMS 
(4-0) 
 
Course Coordinator: Richard C Olsen 
Date of Preparation: 05/01/07 




This inter-disciplinary course explores the physical principles underlying the sensor systems 
needed for satellites and tactical aircraft, as well as limitations imposed by the atmosphere and 
operating environment on these systems and their communication links. Topics include: satellite 
orbits, the satellite environment, ionospheric interactions and atmospheric propagation, phased 
array and pulsed compressed radars, imaging synthetic aperture and inverse synthetic aperture 
radars, noise resources, thermal radiation, principles of semiconductor devices, optical and 
infrared imaging detector systems, and their resolution limitations and bandwidth requirements. 
 
Prerequisites 
Basic physics class. Must be familiar with the concepts of energy and wave motion. 
 
Text and References 
Text: 




Course Objectives: The student will be able to: 
• Analyze imagery from air and space platforms, extracting elements of information 
• Define imagery solutions to military problems 
o Determine relative utility of visible, IR, and radar systems 
• Calculate the resolution and coverage for a given systems 
• Calculate the data rates for imaging systems 
• Recognize environmental effects on satellite imaging systems 
Topics Covered 
Order of Battle, Basic physics of light and radiation, Visible Imagery, Propagation of light in the 
atmosphere, Optical systems (physical and geometrical optics), Detectors, The Hubble Telescope, 
Orbital Mechanics, Spectral Imagery, Image Analysis, Elements of Recognition, Digital Filters, 
Histograms and target detection, Spectral basics, Thermal Imaging, Synthetic Aperture Radar, 
Imaging, Non-imaging techniques, LIDAR. 
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Class and Laboratory Schedule 
Four one-hour (50 minutes) lecture periods each week. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience.  
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing X 
Spacecraft Communications and Signal Processing  
Computers: Hardware and Software  
Spacecraft Guidance and Control  
Spacecraft Structures, Materials and Dynamics  
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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PH3360 ELECTROMAGNETIC WAVE PROPAGATION 
(4-1) 
 
Course Coordinator: Robert Louis Armstead 
Date of Preparation: 05/01/07 




Introduction to vector fields and the physical basis of Maxwell's Equations. Wave propagation in 
a vacuum, in dielectrics and conductors, and in the ionosphere. Reflection and refraction at the 
interface between media. Guided waves. Radiation from a dipole. 
 
Prerequisites 
MA2121 and a course in basic electricity and magnetism. 
 
Text and References 
Skilling, Fundamentals of Electric Waves 
 
Course Objectives: The student will be able to: 
Electrostatics, Vector analysis, Electrostatics, Vector analysis, Fields,  Electrostatic field, 
Electric current, Magnetic Field, Examples, Maxwell’s hypothesis, Plane waves, Reflection, 
Reflection, Radiation, Antennas, Waveguides, Waves in the ionosphere. 
 
Topics Covered 
Electrostatics, Vector analysis, Electrostatics, Vector analysis, Fields,  Electrostatic field, 
Electric current, Magnetic Field, Examples, Maxwell’s hypothesis, Plane waves, Reflection, 
Reflection, Radiation, Antennas, Waveguides, Waves in the ionosphere. 
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Class and Laboratory Schedule 
Four one-hour (50 minutes) lecture periods each week.  One lab hour 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
 
(d) A major design experience.  
 
Relationship of Course to Program Objectives 
Astronautical Engineering Program Objectives Relationship 
Joint Strategy and Policy  
Orbital Mechanics, Space Environment and Remote Sensing  
Spacecraft Communications and Signal Processing X 
Computers: Hardware and Software  
Spacecraft Guidance and Control  
Spacecraft Structures, Materials and Dynamics  
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Space Systems  
Project Management and System Acquisition  
Conduct and Report Independent Research  
Advance Knowledge  
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SS3001 MILITARY APPLICATIONS OF SPACE (Top Secret with SCI) 
(3-2) 
 
Course Coordinator: Herschel Loomis 
Date of Preparation: 05/07/07 




Space Systems and technologies of interest to the military. Strategic and tactical imagery and 
SIGINT requirements. Tasking and use of national space systems and ground support elements. 
Vulnerability considerations and impact of current R&D programs. 
 
Prerequisites 
SS2500, Fourier analysis and TOP SECRET clearance with SI/SAO. 
 
Text and References 
JTENS Manual (SCI Document) 
 
Course Objectives: The student will be able to: 
• Learn the identity and capabilities of national reconnaissance systems. 
• Develop the spatial resolution of optical and radar reconnaissance systems. 
• Understand the capabilities and limitations of space-based Signals Intelligence systems. 
• Develop an understanding of the process of geolocating electromagnetic emitters. 
• Learn the fundamentals of processing of SIGINT. 
 
Topics Covered 
Visible and IR imagery, SAR, Communications Link Equations, radar equations, link budgets, 
photointerpretation, signal processing techniques. 
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Class and Laboratory Schedule 
Three one-hour (50 minutes) lecture periods each week.  One two-hour (100 minutes) laboratory 
period each week. 
 
Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
X 
(c) A general education component that complements the technical component 
of the curriculum. 
X 
(d) A major design experience. X 
 
Relationship of Course to Program Objectives 
Space Systems Engineering  Program Objectives Relationship 
Joint and Maritime Strategic Planning  
Orbital Mechanics and Space Environment  
Spacecraft Communications  
Computers  
Spacecraft Guidance and Control  
Spacecraft Structures, Materials and Dynamics  
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Operations in Space X 
Project Management  
Conduct and Report Independent Research  
Advance Knowledge  
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SS3051 SPACE SYSTEMS AND OPERATIONS II 
(4-0) 
 
Course Coordinator: William J. Welch 
Date of Preparation: 01/07/07 




This course covers the joint space doctrine, space policy, and applications of selected military 
space systems.  Topics include the space mission areas of space control and space force 
enhancement to include space-based navigation, environmental monitoring, and space 
surveillance systems along with satellite command and control networks. Additional topics 
include space threats, tactics, ground application tools and the space annex for an operations plan. 
 
Prerequisites 
SS2500, TOP SECRET clearance. 
 
Text and References 
Textbooks 
On the Edge of the Earth, Steven Lambakis, 2001, University Press of Kentucky (OEOE) 
On Space Warfare, David Lupton, 1988 (OSW) 
Other References specified during the course 
 
Course Objectives: The student will be able to: 
• Upon successful completion of this course, the student will be able to: 
• Describe the strengths and weaknesses of the use of space 
• Identify and describe these military space systems:  GPS, DMSP, DSP, SBIRS, etc. 
• Describe current joint space doctrine along with relevant space laws and policies 
• Know how space capabilities are incorporated into an OPLAN 
• Recognize elements of the space based nuclear detonation detection systems 
• Recognize elements of the Air Force Satellite Control Network 
• Interpret GPS dilution of position plots for best and worst strike times 
• Recognize the elements and implications of commercial space systems 
• Participate in discussions of current space related issues 
 
Class and Laboratory Schedule 
Four one-hour (50 minutes) lecture periods each week. 
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Contribution of Course to Meeting Professional Component 
Required Professional Components Relationship 
(a) One year of a combination of college level math and basic sciences.  
(b) One and one-half years of engineering topics, consisting of engineering 
sciences and design. 
 
(c) A general education component that complements the technical component 
of the curriculum. 
X 
(d) A major design experience.  
 
Relationship of Course to Program Objectives 
Space Systems Engineering  Program Objectives Relationship 
Joint and Maritime Strategic Planning X 
Orbital Mechanics and Space Environment  
Spacecraft Communications  
Computers  
Spacecraft Guidance and Control  
Spacecraft Structures, Materials and Dynamics  
Propulsion Systems  
Spacecraft Thermal Control and Power  
Spacecraft Design and Integration  
Military Operations in Space X 
Project Management  
Conduct and Report Independent Research X 
Advance Knowledge  












C. Faculty Resumes 
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Anthony J. Healey 
Distinguished Professor of Mechanical and Astronautical Engineering 
Naval Postgraduate School 
 
Education 
B.S.  Mechanical Engineering University of London, UK  1961 




Professor, 1986-2003, full-time appointment.  Distinguished Professor 2003-present 
Chairman, ME Department, 1986-1992, Chairman, MAE Department 2003-present 
 
Other Related Work Experience 
Penn State University, Assistant Professor Mechanical Engineering, 1967-71 
M.I.T., Visiting Assistant Professor, Mechanical Engineering, 1970 
The University of Texas at Austin, Associate Professor Mechanical Engineering, 1971-74 
The University of Texas at Austin, Professor Mechanical Engineering, 1974-81 
Cambridge University, Visiting Professor, 1978 
Director, Center for Autonomous Underwater Vehicle Research, NPS 1995-present 
 
Areas of Teaching 
Dynamics, Analysis, Vibration, Automatic Control, Non-Linear Systems and Control Theory,, 
Random Data and Stochastic Processes, Digital Systems, Similitude and Simulation in 
Engineering, Fluid Power Control, Dynamic System Modeling, Marine Vehicle Dynamics and 
Underwater Vehicle Control 
 




P.E., State of Texas, #41281 
 
Principal Publications of Last Five Years 
Healey, A. J., Horner, D. P., "Collaborative Vehicles in Future Naval Missions, Obstacle 
Detection and Avoidance ", Keynote Paper, Proceedings of the IFAC Conference on Modeling 
and Control of Marine Craft, MCMC, 2006, Lisbon, Portugal, September 20-23, 2006 
http://web.nps.navy.mil/~me/healey/papers/MCMC06.pdf 
Healey, A. J., Horner, D. P., "Tactical Decision Aids: High Bandwidth Links Using Autonomous 
Vehicles ", ONR End of Year Report 2006, September 30, 2006 
http://web.nps.navy.mil/~me/healey/papers/MWHealey1.doc 
Healey, A. J., Horner, D. P., "Obstacle Detection and Avoidance Using Blazed Array Forward 
Look Sonar ", End of Year Report, 2006 ONR, September 30, 2006 
http://web.nps.navy.mil/~me/healey/papers/MWHealey2.doc 
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Healey, A. J., “Guidance Laws, Obstacle Avoidance , Artificial Potential Functions”, Chapter 3, 
Advances in Unmanned Marine Vehicles, IEE Control Series 69, Eds. Roberts and Sutton, 
March, 2006 http://web.nps.navy.mil/~me/healey/papers/IEEBOOKCHPT.pdf 
Scientific and Professional Society Memberships 
 
Dynamic Systems and Control Division, Member, 1967-Present 
Associate Editor, ASME Transactions Journal of System Dynamics, Measurement and Control, 
1971-74 
Secretary, Dynamic Systems and Control Division, 1973-76 
Executive Committee, Dynamic Systems and Control Division, 1976-81 
Chairman, Dynamic Systems and Control Division, 1979-80 
Past Chairman, Dynamic Systems and Control Division,, 1980-81 
Technical Chairman, IEEE AUV'94 Symposium on Autonomous Underwater Vehicle 
Technology, 1994 
Executive Chairman, IEEE AUV'96 Symposium on Autonomous Underwater Vehicle 
Technology, 1996 
IEEE Robotics and Automation Society, Underwater Robotics Committee, 1995-present 
Editorial Board: International Journal of Autonomous Systems (IJAVS) 
 
Honors and Awards 
American Society of Mechanical Engineers, Distinguished Service Award 1994 
American Society of Mechanical Engineers, Fellow 
Faculty Teaching Award, University of Texas at Austin, 1975 
Pi Tau Sigma, Honorary Member 
Elected to IEEE Oceanic Engineering Society Administrative Committee, 1995-present 
Research Achievement Award, Naval Postgraduate School, 1995 
 
Institutional and Professional Service in Last Five Years 
None 
 
Professional Development Activities in Last Five Years 
None 
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Knox T. Millsaps 
Professor of Mechanical and Astronautical Engineering 
Naval Postgraduate School 
 
Education 
B.S.   Engineering Science/Physics University of Florida  1983 
S.M.   Aeronautics and Astronautics MIT    1986 




• Professor, 2005-Present, full-time appointment. 
• Associate Professor, 1998-2005, full-time appointment. 
• Assistant Professor, 1992-1998, full-time appointment. 
• Associate Provost for Academic Affairs, 2005. 
• Associate Provost for Institutional Development, 2006. 
• Associate Department Chairman, 2002-Present 
 
Areas of Research 
Power and propulsion for aircraft, ships, submarines, missiles and spacecraft. 
Gas turbines and Diesels. Turbomachinery aerodynamics and heat transfer. 
Rotordynamics. Thermodynamics and energy conversion. Signal processing for condition based 
maintenance. Platform and weapon system low observable technology. 
 
Areas of Teaching 
Thermodynamics, Fluid Dynamics, Heat Transfer, Power and Propulsion. Gas Turbines. 
 
Other Related Work Experience 
• ASME Congressional Fellow: Office of Rep. John M. Spratt, Jr. (5th-SC). Chairman, House 
Budget Committee, and senior member House Armed Services Committee. 2001. 
• Brookings Legislative Fellow: Office of Rep. John M. Spratt, Jr. (5th-SC). 2000. 
• Visiting Professor: Institute fur Thermische Stromungsmachinen. University of Karlsruhe, 
Germany. Worked with Prof. Sigmar Wittig, currently, Executive Director DLR (equivalent 
to NASA Administrator) 1997. Also, Post-doctoral Fellow. 1991. 
• Senior Staff Engineer: Pratt and Whitney. East Hartford, CT. Turbine Group. 1988. 
• Staff Engineer: Pratt and Whitney. East Hartford, CT.  Aero-Acoustics of Inlets Group. 1986. 
• Junior Engineer: Pratt and Whitney. West Palm Beach, FL. Compressor, Turbine, and 
Structures Groups. 1984. 
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Consulting and Patents 
United Technologies Research Center, East Hartford, CT 
Electric Power Research Institute, Palo Alto, CA 
Integrated Devices, San Jose, CA  
Kurz Instruments, Monterey, CA  
Northrop-Grumman, Aircraft Division, El Segundo, CA 
Cidra Inc., Hamilton, CT 
Consultants in Engineering Acoustics 
Millsaps, K. T., “Integrated Electric Gas Turbine”, U.S. Patent Application Number 11/086,734; 





Principal Publications of Last Five Years 
1. Millsaps, K. T., Oh, J., Trivilos, E., “Numerical Study of Planar Diffuser Flows with Constant-
Area Duct at Low Reynolds Numbers”, Transactions of the ASME, Journal of Fluids 
Engineering, Volume 106, Number 12, July 2005. 
2. Elmstrom M. E., Millsaps, K. T., Hobson, G. V., Patterson, J. S., “Impact of Non-Uniform 
Leading Edge Coatings on the Aerodynamic Performance of Compressor Airfoils”, Transactions 
of the ASME, Journal of Turbomachinery, Volume 86, Number 17, January 2006. 
3. Millsaps, K.T., Editor, Proceedings of the Eleventh International Symposium of Rotating 
Machinery and Transport Phenomena (ISROMAC-11), Honolulu, HI, February 30 - March 3, 
2006, ISBN (CSIN) 9999900426. 
 
Scientific and Professional Society Memberships 
ASME, Turbomachinery and Marine Committees of IGTI, AIAA and SAE. 
 
Honors and Awards 
Sigma Nu, Tau Beta Pi, Phi Beta Kappa. Who’s Who in America. Charles Starke Draper 
Research Fellow (MIT), John and Fanny Hertz Fellowship (MIT, not accepted). University of 
Florida Presidential Scholar, Air Force Research in Aero-Propulsion Technology Fellow (MIT). 
 
Institutional and Professional Service in Last Five Years 
ASME Student Chapter Advisor 
Chairman, Marine Committee of IGTI (Gas Turbine Division of ASME) 
Chairman, Council of Chairs IGTI 
Member Board of Directors IGTI 
Executive Chairman and Technical Editor, Eleventh International Symposium of Rotating 
Machinery and Transport Phenomena (ISROMAC-11). 
 
Professional Development Activities in Last Five Years 
None 
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Brij N. Agrawal 
Distinguished Professor of Mechanical and Astronautical Engineering 
Naval Postgraduate School 
 
Education 
B.S.  Mechanical Engineering Banares University  1964 
M.E.  Mechanical Engineering IIT, Roorkee   1966 
M.S.  Mechanical Engineering McMaster University  1968 




Distinguished Professor, 1989--Present, 
Director, Spacecraft Research and Design Center. www.aa.nps.navy.mil/~agrawal/srdc/ 
 
Areas of Research 
Acquisition, tracking, and pointing of Bifocal Relay Mirror Spacecraft.  Vibration isolation, 
optical beam jitter control, and active structural control. Structural, control, and optics interaction 
for large flexible space mirrors.  Adaptive optics and adaptive control.  Space system design. 
 
Areas of Teaching 
Dynamics and Control of Flexible Spacecraft, Spacecraft Design, Acquisition, Tracking, and 
Pointing of Military systems, and Spacecraft Testing. 
 
Other Related Work Experience 
1969-1989, conducted research in spacecraft attitude dynamics and control, spacecraft structures, 
spacecraft system design, and spacecraft testing and participated in the development of 
communications satellites at Communications Satellite Corporation (COMSAT) and 
International Telecommunications Satellite Corporation (INTELSAT). Consulting Professor, 
Stanford University, Adjunct Professor at George Washington University and University of 
Maryland. 
 
Consulting and Patents 




Attitude Pointing Error Correction System and Methods for Geosynchronous Satellites, US 
patent No. 4,911,385, March 27, 1990  
 
Book 
Design of Geosynchronous  
 
Professional Registration 
P.E., State of Maryland 
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Principal Publications of Last Five Years 
Watkins, R. and Agrawal, B. “The use of an LMS Filter in the Control of Optical Beam Jitter”, 
AIAA Journal of Guidance, Control, and Dynamics, to appear. 
 
Kim, J. and Agrawal, B.  “Experiments on Jerk-Limited Slew Maneuvers of a Flexible 
Spacecraft”, Accepted for AIAA Guidance, Navigation, and Control Conference and Exhibit, 
August 21-24, 2006. 
 
Kim, J. and Agrawal, B., “Acquisition, Tracking, and Pointing of Bifocal Relay Mirror 
Spacecraft,” Proceedings of Beam Control Conference, Directed Energy Professional Society, 
Monterey, CA, March 21-24, 2006. 
 
Sugathevan, S. and Agrawal, B. “Optical Laser Pointing and Jitter Suppression using Adaptive 
and Feedback Control Methods,” Proceedings of Beam Control Conference, Directed Energy  
Professional Society, Monterey, CA, March 21-24, 2006. 
 
Lau, J., Joshi, S., Agrawal, B. and Kim J., “Investigation of periodic Disturbance Identification 
and Rejection in Spacecraft,” AIAA Journal of Guidance, Control, and Dynamics, 2006. 
 
Scientific and Professional Society Memberships 
Associate Fellow, American Institute of Aeronautics and Astronautics, Member of Directed 
Energy Professional Society, Member of International Society for Optical Engineering. 
 
Honors and Awards 
INTELSAT award for Inventiveness and Technological Contribution-1990 
NPS top performance Award-1990 
NPS Outstanding Teaching Award-1993, 1994, and 2000 
NPS Outstanding Research Award-1992 and 1997 
AIAA the Lockheed Graduate Team Space design Competition Award- 1993 and 1994 
Distinguished Professor Award 2002 
Richard Hamming Award for Interdisciplinary Innovation, 2007 
 
Institutional and Professional Service in Last Five Years 
Associate Chairman, Dept. of Aeronautics and Astronautics; Chairman Ph.D. Committee, 
Department of Aeronautics and Astronautics; Chairman, Astronautics Oversight Committee; 
Associate  Editor, AIAA Journal of Guidance, Control and Dynamics; Member, International 
Astronautical Federation (IAF) Technical Committee. 
 
Professional Development Activities in Last Five Years 
Developed laboratory and research program in optical beam control and adaptive optics. 
Attended several national and international conferences and presented papers. 




Professor Emeritus of Mechanical and Astronautical Engineering 
Naval Postgraduate School 
 
Education 
B.S.  Engineering   UCLA    1959 
M.S.  Engineering   UCLA    1963 




Assistant, Associate and Full Professor, 1968-2003 
 
Areas of Research 




Areas of Teaching 
Space Propulsion 
High Speed Gas Dynamics 
Lasers 
 
Other Related Work Experience 
GTE Electrical Products, 1987-89 
Lockheed, 1986-87 
Hughes Space Systems, 1961-63 
Garrett Corporation, 1959-61 
 
Consulting and Patents 
11 Patents 
 
Principal Publications of Last Five Years 
 
Books 
Rocket Propulsion Elements (with G. P. Sutton) 
Gas Dynamics (with R. D. Zucker) 
 
Conference Presentations 
“Study of DC Ion Thrusters with Argon Propellants”, AIAA 2006-4670, Joint Propulsion 
Conference, Sacramento, CA, July 2006 (with J. O. Sinibaldi). 
“Electric Propulsion for Space”, Invited Plenary Lecture, 2004 Israel Annual Conference on 
Aerospace Sciences, Haifa, Israel. 
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Honors and Awards 
Hughes Master Fellow, 1962-63 
Ford Foundation Plasma Fellow, 1966-67 
Lady Davis Fellow, 1976-77 and 2005 
Navy Superior Service Award, 2003 
 
Institutional and Professional Service in Last Five Years 
Associate Chairman, Dept. of Aeronautics and Astronautics 
Academic Associate for Astronautical Engineering (until 2003) 
Space Systems Academic Group (until 2003) 
 
Professional Development Activities in Last Five Years 
None 
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Christopher M. Brophy 
Professor of Mechanical and Astronautical Engineering 
Naval Postgraduate School 
 
Education 
B.S.  Aerospace Engineering The Pennsylvania State University  1991 
M.S.  Aerospace Engineering The Pennsylvania State University  1993 




Research Associate Professor, 2005-Present, term appointment.  Research Assistant Professor, 
1999-2004, term appointment.  NRC Postdoctoral Associate, 1997-1999. 
Academic Associate, Space Systems Engineering, 2006-Present 
 
Areas of Research 
Rocket propulsion, air-breathing propulsion, combustion, and optical diagnostics. 
 
Areas of Teaching 
Thermodynamics, Fluid Dynamics, Propulsion, and Design 
 
Other Related Work Experience 
Director, NPS Rocket Propulsion Laboratory, 2000-Present 
 






Principal Publications of Last Five Years 
Brophy, C.M. and Schauer, F.S., "Efficient Hydrocarbon-Air Initiation Through Dynamic 
Backpressurization Conditions," Submitted to AIAA Journal of Propulsion and Power, February 
2007. 
 
Brophy, C.M. and Hanson, R.K., “Fuel Distribution Effects on Pulse Detonation Engine 
Operation and Performance,” AIAA Journal of Propulsion and Power, Vol. 19, No. 4, pp. 568-
572, 2006. 
 
Wang, F., Liu, J., Sinibaldi, J., Brophy, C., Kuthi, A., Jiang, C., Ronney, P., and Gunderson, M., 
“Transient Plasma Ignition of Quiescent and Flowing Fuel Mixtures,” IEEE Transactions On 
Plasma Science, Vol. 33, No. 2, 2005. 
 
Brophy, C.M., Sinibaldi, J.O., Wang, F., Jiang, C., and Gundersen, M.A., "Transient Plasma 
Ignition of a Hydrocarbon-Air Initiator for Pulse Detonation Engines," Application of 
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Detonation to Propulsion, Eds. G. Roy, S. Frolov, and J. Shepherd, pp. 212-218,  Moscow: Torus 
Press, 2004. 
 
Scientific and Professional Society Memberships 
Member of the American Society of Mechanical Engineers, 1997-present. 
Senior Member of the American Institute of Aeronautics and Astronautics, 1993-present. 
 
Honors and Awards 
None. 
 
Institutional and Professional Service in Last Five Years 
JANNAF Pulse Detonation Working Group Co-Chair, 2005-present 
AIAA Propellants and Combustion Technical Committee Member, 2005-present 
Reviewer for AIAA Journal of Propulsion and Power 
Academic Advisor, NPS, 2006-present 
 
Professional Development Activities in Last Five Years 
None 
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Daniel W. Bursch 
National Reconnaissance Office Chair 
The Aerospace Corporation 
Space Systems Academic Group 
Naval Postgraduate School 
 
Education 
B.S.  Physics   US Naval Academy   1979 
Graduate Airborne Systems  US Naval Test Pilot School  1984 




Instructor, Space Systems Academic Group, 2003-2004 
Associate Dean, Graduate School of Engineering and Applied Sciences, 2004-2005 
NRO Chair, 2005 – Present, Space Systems Academic Group 
NASA bio:  http://www.jsc.nasa.gov/Bios/htmlbios/bursch.html 
 
Areas of Research 
Any research that supports the mission of the National Reconnaissance Office. 
 
Areas of Teaching 
Orbital Mechanics and Launch Systems. 
Space Technology and Applications. 
 
Other Related Work Experience 
1991-1993, Space Shuttle cockpit upgrade; 1996-1997, International Space Station (ISS) Caution 
and Warning System; 1998-2001, ISS robotic system procedure development. 
 
Consulting and Patents 
None 
 
Principal Publications of Last Five Years 
None 
 
Scientific and Professional Society Memberships 
American Institute of Astronautics and Aeronautics (AIAA). 
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Honors and Awards 
NASA Spaceflight Award as a crewmember on STS-51 (1993), STS-68 (1994), STS-77 (1996), 
and ISS Expedition Four (2002).  1996 NASA Exceptional Service Medal. 
 
Federation Aeronautique Internationale (FAI) V. M. Komarov Diploma for Space Flight 
Achievement and the American Astronautical Society Flight Achievement Award for his first 
mission, STS-51.  FAI V. M. Komarov Diploma for Space Flight Achievement for his second 
mission, STS-68.  2002 FAI Yuri A. Gagarin Award as a member of Expedition Four to the 
International Space Station. 
 
Institutional and Professional Service in Last Five Years 
None 
 
Professional Development Activities in Last Five Years 
None 
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Douglas J. Fouts 
Professor of EE Department 
Naval Postgraduate School 
 
Education 
B.A. Computer Science, University of California at Berkeley    (1980) 
M.S. Electrical and Computer Engineering, Univ. of Calif. at Santa Barbara  (1984) 




Associate Dean of Research 2006, Professor 2003, Associate Professor 1996, Assistant Professor 
1990, 17 years of service. 
 
Other Related Work Experience 
Associate Engineer, Burroughs Corporation (now Unisys), Computer Systems Group, Mission 
Viejo, California, September 1980 – January 1983. 
Visiting Lecturer, Department of Electrical and Computer Engineering, University of California, 
Santa Barbara, California, September 1986 – December 1986. 
Instructor, University of California Extension Service, Santa Barbara, California, August 1985. 
 
Consulting and Patents 
5 US Patents 
 
Professional Registration 
Institute of Electrical and Electronic Engineers, IEEE Circuits and Systems Society, American 
Radio Relay League. 
 
Principal Publications of Last Five Years 
P.E. Pace, D.J. Fouts, and D.P. Zulaica, “Digital Image Synthesizers:  Are Enemy Sensors Really 
Seeing What’s There?”, IEEE Aerospace and Electronic Systems, Vol. 21, No. 2, Feb. 2006, pp. 
3-7. 
 
D.J. Fouts, K.R. Macklin, R.W. Duren, and D.P. Zulaica, “Electronic Warfare Digital Signal 
Processing on COTS Computer Systems With Reconfigurable Architectures”, AIAA Journal of 
Aerospace Computing, Information, and Communication, Vol. 2, No. 10, Oct. 2005, pp. 414-429. 
 
K.A. Clark, A.A. Ross, H.H. Loomis, T.R. Weatherford, D.J. Fouts, S.P. Buchner, and D. 
McMorrow, “Modeling Single-Event Effects in a Complex Digital Device”, IEEE Transactions 
on Nuclear Science, Vol. 50, No. 6, Dec. 2003, pp. 2069-2080.  This paper received the 2003 
Alan Berman Research Publications Award from the Naval Research Laboratory. 
 
P.E. Pace, D.J. Fouts, S. Ekestorm, and C. Karow, “Digital False-Target Image Synthesizer for 
Countering ISAR”, IEE Proceedings - Radar, Sonar, and Navigation, Vol. 149, No. 5, Oct. 2002, 
pp. 248-257. 
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D.J. Fouts, P.E. Pace, C. Karow, and S. Ekestorm, “A Single-Chip False Target Radar Image 
Generator for Countering Wideband Imaging Radars”, IEEE Journal of Solid State Circuits, Vol. 
37, No. 6, Jun. 2002, pp. 751-759. 
 
Honors and Awards 
Menneken Award for Excellence in Scientific Research, 2002 (Awarded annually by the U.S. 
Navy to a civilian scientist). 
 
Meritorious Paper Award, Government Microcircuit Applications Conference, March 1997. 
 
Outstanding Research Achievement Award, Department of Electrical and Computer Engineering, 
U.S. Naval Postgraduate School, 1997. 
 
Outstanding Instructional Performance Award, Space Systems Academic Group, U.S. Naval 
Postgraduate School, 1996. 
 
Outstanding Research Achievement Award, Space Systems Academic Group, U.S. Naval 
Postgraduate School, 1993. 
 
Institutional and Professional Service in Last Five Years 
Associate Dean of Research for NPS, Summer 2006 to present. 
 
ECE department co-academic associate, Summer 1997 to Summer 2006. 
 
Financial chairman for Asilomar Conference on Signals, Systems, and Computers, December 
2003 to December 2005. 
 
Local Arrangements Chairman for 2004 Hardened Electronics and Radiation Technology 
Conference. 
 
Chairman of paper presentation sessions at various different conferences. 
 
Professional Development Activities in Last Five Years 
Attend annual IEEE Nuclear and Space Radiation Effects Conference and short course. 
Attend annual Hardened Electronics and Radiation Technology Conference. 
Attend annual IEEE Midwest Symposium on Circuits and Systems. 
Attend annual Asilomar Conference on Signals, Systems, and Computers. 
Attend annual IEEE SOC (System On A Chip) Conference. 
Attend annual NASA MAPLD (Military Applications of Programmable Logic Devices) 
Conference. 
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Joshua H. Gordis 
Associate Professor of Mechanical Engineering 
Naval Postgraduate School 
 
Education 
B.S.  Mechanical Engineering  University of Vermont  1983 
M.S.  Mechanical Engineering  Rensselaer Polytechnic Institute 1987 




Associate Professor, 1998-Present, full-time appointment. 
Assistant Professor, 1992-1998, full-time appointment. 
Associate Chair for Academics, 2006-Present 
 
Areas of Research 
Vibrations & Structural Dynamics, Ballistics 
 
Areas of Teaching 
Vibrations & Structural Dynamics, Design Optimization 
 
Other Related Work Experience 
Developer of motorcycle chassis geometry measurement and analysis system. 
Structural Dynamics Research Corp., Engineering Services Div.  San Diego, CA 9/90-12/91 
Stone and Webster Engineering Corp., Engineering Mechanics Div.  Boston, MA  4/84 - 5/85 
 
Consulting and Patents 
Lansmont Corporation, Monterey CA 2002 
Pagos Corp. Cambria, CA 2001 
Indian Motorcycle Company, Gilroy CA. 2000 
“Chassis Analyzer” – software for the measurement, analysis, and prediction of motorcycle 





Principal Publications of Last Five Years 
Youch, D. and Gordis, J. H. 2006. “Efficient Trajectory Computation for Earth-Penetrating 
Projectiles.” 77th Shock and Vibration Symposium. Monterey CA. 
 
Gordis, J. H. 2006. “Integral Equation Substructuring Formulation for Fast Transient Analysis 
with Implicit Model Reduction.” 77th Shock and Vibration Symposium. Monterey CA. 
 
Gordis, J. H., Papoulias, F.A., and Bauer, J. 2005 “Modeling and Simulation of Unmanned 
Vehicle Launch from the Littoral Combat Ship (LCS).” Proceedings of the ASNE Launch & 
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Recovery of Manned and Unmanned Vehicles from Surface Platforms: Current and Future 
Trends Conference. Annapolis, MD. November 8-9. 
 
Williams, N. A., Gordis, J. H., & Letherwood, M. 2004 “Drag Optimization of Light Trucks 
Using Computational Fluid Dynamics.” Accepted, 2004 Commercial Vehicle Engineering 
Congress & Exhibition. 
 
Brock, G. N., Gordis, J.H., & Papoulias, F.A. “Dynamics and Control Of The Roll-On/Roll-Off 
Stern Ramp Support System.” Report prepared for NSWC/Carderock Div. March, 2004. 
 
Scientific and Professional Society Memberships 
Member of the American Society of Mechanical Engineers, 1990-present. 
 
Honors and Awards 
NPS Outstanding Instructional Performance Award, 2001 
NPS Outstanding Research Achievement Award, 1997 
Recognition of Excellence, Naval Surface Warfare Center, 1993 
American Helicopter Society Robert L. Lichten Award, 1990 
 
Institutional and Professional Service in Last Five Years 
Academic Associate, NPS, 2006-present 
Faculty Council (alternate) 2005-Present 
 
Professional Development Activities in Last Five Years 




Senior Lecturer of Mechanical and Astronautical Engineering 
Naval Postgraduate School 
 
Education 
B.E. (Mech. Eng.), University of Mysore, India       (1963) 
M.E. (Aero. Eng., with distinction), Indian Institute of Science, Bangalore, India  (1965) 




Scientist 1965, Associate Professor 1985, Adjunct Professor 1988, Senior Lecturer 1997 
 
Other Related Work Experience 
Senior Lecturer, Department of Mechanical & Astronautical Engineering, Naval Postgraduate 
School, Monterey, California, October 2003 to present 
 
Senior Lecturer, Department of Aero/Astro, Naval Postgraduate School, Monterey, California, 
July 1997 to September 2003 
 
Adjunct Professor, Department of Aero/Astro, Naval Postgraduate School, Monterey, California, 
Jan. 1988 to June 1997 
 
Associate Professor, Department of Aerospace Engineering, Tuskegee University, Tuskegee, 
Alabama, Oct. 1985 to Dec. 1987 
 
Senior NRC-NASA Research Associate, Ames Research Center, Moffett Field, California, June 
1983 to Aug. 1985 
 
Scientist/Asst. Director, Aero/Propulsion Divisions, National Aerospace Laboratories, Bangalore, 
India, Oct. 1965 to May 1983 
 
Research Associate, Department of Aerospace Engineering, University of Maryland, College 
Park, Maryland, Jan. 1976 to Aug. 1976 
 
German Academic Exchange Service (DAAD) Scholar, Technical University, Braunschweig, 
Germany, July 1966 to Oct. 1967 
 
Consulting and Patents 
None 
 
Principal Publications of Last Five Years 
None 
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Scientific and Professional Society Memberships 
American Institute of Aeronautics and Astronautics 
American Society of Mechanical Engineers 
Honors and Awards 
German Academic Exchange Service Scholar, 1966. 
Senior Research Associateship of the National Research Council. 1983. 
Tuskegee University Most Outstanding Aerospace Engineering Professor Award, 1987. 
NASA Technical Brief Award and the Innovator Certificate, 1991. 
NASA Group Achievement Award, 1993. 
NPS Outstanding Research Achievement Award, 1994. 
Marquis Who's Who in Science and Engineering, 4th Edition, 1998-1999. 
NPS (Federal) Length of Service Award, 2000, 2004 
 
Institutional and Professional Service in Last Five Years 
Reviewer, AIAA Journal and Journal of Aircraft 
 
Professional Development Activities in Last Five Years 
None 




Professor of Applied Mathematics 
Naval Postgraduate School 
 
Education 
B.S.  Mathematics  Nankai University   1982 
M.S.  Mathematics  Nankai University   1985 




Assistant, Associate, Full Professor, 1994-present 
 
Other Related Work Experience 
1991-1994, Visiting Assistant Professor, Washington University, St. Louis, MO 
2004-2005, Visiting Scientist, Intel Corp., Santa Clara, California 
 
Consulting and Patents 
None 
 
Principal Publications of Last Five Years 
W. Kang, N. Xi, J. Tan, Y. Zhao, and Y. Wang, Coordinated Formation Control of Multiple 
Nonlinear Systems, J. Control Theory and Applications, Vol. 3, No. 1, pp. 1-19, 2005. 
 
W. Kang, Moving Horizon Numerical Observers of Nonlinear Control Systems, IEEE Trans. on 
Automat. Contr., Vol. 51, No. 2, pp. 344-350, 2006. 
 
Q. Gong, W. Kang and I. M. Ross, A Pseudospectral Method for the Optimal Control of 
Constrained Feedback Linearizable Systems, IEEE Transactions on Automatic Control, Vol. 51, 
No. 7, pp. 1115-1129, 2006. 
 
B. Hamzi, A. J. Krener, W. Kang, The Controlled Center Dynamics of Discrete Time Control 
Bifurcations, Systems & Control Letters, Vol. 55, No. 7, 585-596, 2006. 
 
W. Kang, Q. Gong, and I. M. Ross, On the Convergence of Nonlinear Optimal Control using 
Pseudospectral Methods for Feedback Linearizable Systems, International Journal of Robust and 
Nonlinear Control, January, 2007. 
 
Scientific and Professional Society Memberships 
IEEE, SIAM 
 
Honors and Awards 
Carl E. and Jessie W. Menneken Faculty Award, NPS Foundation, 2003. 
Best Paper Award of the 6th International Conference on Control, Automation, Robotics and 
Vision, Singapore, December 6-8, 2000. 
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Department of Mathematics recipient of the NPS Outstanding Research Achievement Award of 
1996 and 2000. 
Department of Mathematics recipient of the UC Davis Graduate Student Scholarship of 1991. 
 
Institutional and Professional Service in Last Five Years 
Associate Editor, Automatica, since 2005. 
Associate Editor, Journal of Control Theory and Applications, since 2004. 
Associate Editor, IEEE Transactions on Automatic Control, 2001-2004. 
Guest editor, special issue on Applied Mathematics and Interdisciplinary Research, Journal of 
Discrete and Continuous Dynamical Systems - Series B, 2007.  
IFAC Technical Committee on Non-Linear Control Systems, since 2006. 
 
Professional Development Activities in Last Five Years 
None 




Research Assistant Professor of Mechanical and Astronautical Engineering 
Naval Postgraduate School 
 
Education 
B.S.  Mechanical Engineering, University of Mysore, India 
M.S.  Aeronautical Engineering, Indian Institute of Science, India 




Research Assistant Professor, 1997-Present, full-time appointment, Research Assistant Professor 
(1989-1993), Assistant Professor, 1985-1988, full-time appointment. 
 
Areas of Research 
Solid and Structural Mechanics – Classical and Numerical Methods, Composite 
mechanics/dynamics, Probabilistic Methods, Multidisciplinary Coupled Analysis, Nonlinear 
Dynamical Systems and Applications 
 
Areas of Teaching 
Structural Mechanics, Dynamics, Composite Mechanics, Risk Benefit Analysis, Computational 
Methods, Vibrations, and Design 
 
Other Related Work Experience 
Hindusthan Aeronautics Limited, Design Engineer, Vibrations, Aeroelasticity and Flight Testing, 
1978-1980 
 






Principal Publications of Last Five Years 
Dynamic Characteristics of Layered Metal-Fiber-Composites Including Transverse Shear 
Deformation, SPIE International Symposium on Smart Materials, Nano-, and Micro-Smart 
Systems, 16-18th December 2002, Melbourne, Australia 
 
An Approach to Dynamic Modeling of Aircraft Landing on Moving Ships, IMAC-XXI, the XXI 
International Modal Analysis Conference, Society for Experimental Mechanics Inc, February 3-6, 
2003, Kissimmee, Florida. 
 
Dynamics of Shear Deformable Laminated Composites using Raleigh Ritz Method, IMAC-XXI, 
the XXI International Modal Analysis Conference, Society for Experimental Mechanics Inc, 
February 3-6, 2003, Kissimmee, Florida. 
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Modal Analysis and Damage Assessment of Cracked Plates, IMAC-XXI, the XXI International 
Modal Analysis Conference (IMAC), Society for Experimental Mechanics Inc, February 3-6, 
2003, Kissimmee, Florida. 
 
On a Probabilistic Strain-based Fatigue Life Estimation, 44th AIAA/ASME/ASCE/AHS 
Structures, Structural Dynamics, and Materials Conference - 5th AIAA Non-Deterministic 
Approaches Forum, April, 2003, Norfolk, VA (Co-author:  Major T. Heffern) 
 
Scientific and Professional Society Memberships 
Member of the American Society of Mechanical Engineers 
Member of the American Institute of Aeronautics and Astronautics 
 
Honors and Awards 
None 
 
Institutional and Professional Service in Last Five Years 
Session Chair, SPIE Active Materials: Behavior and Mechanics – Smart Structures and Materials 
Conference, San Diego, March 2004 
 
Session Chair, 45th AIAA/ASME/ASCE/AHS Structures, Dynamics & Materials and Non-
Deterministic Approaches Forum, Palm Springs, CA 2004 
 
Session Chair, International Modal Analysis Conference, St. Louis, Mo, January 2006. 
 
Session Chair, SPIE Active Materials: Behavior and Mechanics – Smart Structures and Materials 
Conference, San Diego, March 2006 
 
Session Chair, 47th AIAA/ASME/ASCE/AHS Structures, Dynamics & Materials and 1st AIAA 
Non-Deterministic Approaches Conference, Newport, RI, May 2006 
 
Reviewer for AIAA 6th Non-Deterministic Approaches Forum, Co-hosted by 
ASME/ASCE/AHS, Palm Springs, CA, 2004 
 
Reviewer for AIAA Structures Technical Committee, Co-hosted by AIAA/ASME/ASCE/AHS, 
Newport, RI, 2006 
 
Professional Development Activities in Last Five Year 
Courses in Project Management, Earned Value Program Management, Six Sigma: Concepts and 
Processes, Lean Six Sigma, Introduction to Lean Enterprise Concepts (Defense Acquisition 
University) 
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Barry S. Leonard 
Adjunct Professor of Mechanical and Astronautical Engineering 
Naval Postgraduate School 
 
Education 
B.S.  General Engineering  UCLA  1959 
M.S.  Electrical Engineering Stanford 1961 




University of Santa Clara, 1984-1986:  Control System Design, 
NPS, 1994-Present: Spacecraft Dynamics, Space System Dynamics, 
Spacecraft Attitude Control and Spacecraft Design 
 
Other Related Work Experience 
1984-1993 LMSC, Director of Spacecraft Engineering 
1981-1984 LMSC, Program Manager 
1977-1981 LMSC, Program Engineering Manager 
1975-1977 LMSC, Advanced Engineering Manager 
1970-1975 LMSC, Vehicle Design Manager 
1962-1970 LMSC, Supervisor & Control System Analyst 
1961-1962 Sperry Gyroscope, Development Engineer 
1959-1961 LMSC, Dynamics Analyst 
1957-1958 Douglas Aircraft, Flight Data Analyst 
1954-1957 Lockheed Aircraft, Machinist 
 
Consulting and Patents 
Consulted on Space Station Program (LMSC 1993-1994) 
A Gyroless Solar-Pointing Attitude Control System (disclosure 1977) 
 
Professional Registration 
C.E., State of California (CS1433) 
 
Principal Publications of Last Five Years 
“NPSAT1 Magnetic Attitude Control System” AIAA SmallSat Conference 2006, Logan Utah 
 
Scientific and Professional Society Memberships 
Associate Fellow, American Institute of Aeronautics and Astronautics 
 
Honors and Awards 
NPS, Schieffelin Award Recognition for Teaching Excellence, 2001 
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Institutional and Professional Service in Last Five Years 
Thesis advisor and consultant on NPSAT1 
 
Professional Development Activities in Last Five Years 
Developed air bearing laboratory for research program in magnetic attitude control 
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Herschel H. Loomis, Jr., 
Professor, 
Naval Postgraduate School 
 
Education 
BEE   Cornell University     (1957) 
MSEE   University of Maryland   (1959) 





1978 - 1983: Professor, Department of Electrical and Computer Engineering, University of 
California,  Davis. (On leave 1981-1983) 
1978: Professor and Acting Associate Dean for Graduate Studies, College of Engineering, 
University of California, Davis. 
1975 - 1978: Professor, Department of Electrical and Computer Engineering, University of 
California, Davis. 
1974 - 1975: Professor and Chair, Department of Electrical Engineering, University of California, 
Davis. 
1970 - 1974: Associate Professor and Chair, Department of Electrical Engineering, University of 
California, Davis. 
1968 - 1970: Associate Professor (Tenure awarded 7/1/68), Department of Electrical Engineering, 
University of California, Davis. 
1966 - 1968: Assistant Professor, Department of Electrical Engineering, University of California, 
Davis. 
1962 - 1966: Assistant Professor, Department of Engineering, University of California, Davis. 
 
Other Related Work Experience 
None 
 
Consulting and Patents 
R. H. Wyman and H. H. Loomis, Jr., "Clock Distribution Systems For Digital Computers," U. S. 
Patent No. 4,253,065, 1981 (Assigned to the United States Department of Energy) 
 
H. H. Loomis, Jr., “Pipelined Digital Filters,” U. S. Patent No. 4,495,591.  Jan. 22, 1985, 
(Assigned to Regents of the University of California) 
 
Professional Registration 
State of California 
 
Principal Publications of Last Five Years 
Josh Snodgrass, Mindy Surratt, Herschel Loomis, Alan Ross, “Single Event Upset (SEU) Testing 
of the Naval Postgraduate School Configurable Fault-Tolerant Processor (CFTP),” 2006 Military 
Applications of Programmable Logic Devices, (MAPLD-2006), September 2006. 
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Ms. Mindy Surratt, Dr. Herschel H. Loomis, Dr. Alan A. Ross, and Dr. Russ Duren, “Challenges 
of Remote FPGA Configuration for Space Applications,” Proceedings, 2005 IEEE Aerospace 
Conference, March 2005. 
 
Capt. Charles A. Hulme, USMC, Dr. Herschel H. Loomis, Dr. Alan A. Ross, and 1Lt. Rong 
Yuan, Taiwan Air Force, “Configurable Fault-Tolerant Processor (CFTP) for Spacecraft 
Onboard Processing,” Proceedings, 2004 IEEE Aerospace Conference, March 2004, ISBN 0-
7803-8156-4 
 
Kenneth A. Clark, Alan A. Ross, Herschel H. Loomis, Todd R. Weatherford, and Douglas J. 
Fouts, “Modeling Single-Event Transient Propagation in a Complex Digital Device,” IEEE 
Transactions on Nuclear Science, December 2003, Vol. 50, No. 5, pp. 2069 - 2080.   (Recipient 
of a 2003 “Annual Alan Berman Research Publications Award” from Naval Research 
Laboratory) 
 
Miller, J. B., McEachen, J. C., Loomis Jr., H. H., Tope, M. A., and Copeland, D. B., “Robust 
Timing-Based Communications over Computer Networks”, Proceedings of the 2002 IEEE 
Military Communications International Symposium (MILCOM 2002), Anaheim, CA, October 
2002. (Miller was MSEE student advisee.) 
 
Loomis, H. H., Jr. and Betz, John, "Low Probability of Intercept Communications (U)," 
MILCOM98 Classified Conference Record, MITRE Corp., Bedford, MA, October 1998.  
(CONFIDENTIAL Paper) 
 
Scientific and Professional Society Memberships 
IEEE, Life Senior Member; IEEE Computer Society; Illumination Engineering Society of North 
America, Member; Tau Beta Pi; Sigma Xi; Eta Kappa Nu 
 
Honors and Awards 
Best Paper Award, IEEE Transactions on Education, 1973, for H. H. Loomis, Jr., and H. Brandt, 
"Television As A Tool in Off Campus Engineering Education," IEEE Transactions on Education, 
E-16, No. 2, 1973, pp. 101-109. 
 
ACM "Recognition of Service Award" for work as Member and Director of ACM Special 
Interest Group on Design Automation, Responsible for Graduate Scholarship program, 
September 1987. 
 
Awarded Joint Service Commendation Medal by Director, National Security Agency, March 
1979. 
 
Institutional and Professional Service in Last Five Years 
Joint Appointment, Space Systems Academic Group; SSAG representative to Academic Council 
 
Professional Development Activities in Last Five Years 
None 
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James H. Newman 
NASA / Johnson Space Center Visiting Professor 
Space Systems Academic Group 
Naval Postgraduate School 
 
Education 
B.A.  Physics   Dartmouth College  1978 
M.A.  Physics   Rice University  1982 




Visiting Professor, 2006 -- Present, 
Space Systems Academic Group 
NASA bio:  http://www.jsc.nasa.gov/Bios/htmlbios/newman.html 
 
Areas of Research 
MEMS rate sensors for small satellites, use of CubeSats for university education and outreach. 
 
Areas of Teaching 
Orbital Mechanics and Launch Systems. 
 
Other Related Work Experience 
1969-1989, conducted research in spacecraft attitude dynamics and control, spacecraft structures, 
spacecraft system design, and spacecraft testing and participated in the development of 
communications satellites at Communications Satellite Corporation (COMSAT) and 
International Telecommunications Satellite Corporation (INTELSAT). Consulting Professor, 
Stanford University, Adjunct Professor at George Washington University and University of 
Maryland. 
 
Consulting and Patents 
None 
 
Principal Publications of Last Five Years 
None 
 
Scientific and Professional Society Memberships 
American Physical Society (APS), Sigma Xi, and the American Institute of Astronautics and 
Aeronautics (AIAA). 
 
Honors and Awards 
NASA Spaceflight Award as a crewmember on STS-51 (1993), STS-69 (1995), STS-88 (1998), 
and STS-109 (2002). 
 
Also:  awarded the 1995 Superior Achievement Award by the Institute of Navigation for 
"outstanding accomplishments as a Practical Navigator" for his work on GPS (Global 
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Positioning System) on the Space Shuttle. 1996 NASA Exceptional Service Medal. Recipient of 
the American Astronautical Society Flight Achievement Award (1994, 1999) for his work as a 
member of the STS-51 and STS-88 crews. As the leader of the NASA Space Vision System 
Development Team, Newman shared the 2001 Rotary National Award for Space Achievement 
Foundation's Team Award and shared a 2002 NASA Group Achievement Award to the Space 
Vision System Team. 
 
Institutional and Professional Service in Last Five Years 
None 
 
Professional Development Activities in Last Five Years 
Developing educational program using “CubeSat” as integral part of NPS education and as a 
means of educational outreach to universities.  Attending conferences dedicated to the use of 
small satellites for research and education. 
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Richard C Olsen 
Professor of Physics 
Naval Postgraduate School 
 
Education 
B.S.  Physics University of Southern California  1974 
M.S.  Physics University of California, San Diego  1976 





Director, Remote Sensing Center 
 
Areas of Research 
Imaging systems – EO, Radar data analysis techniques, target detection.  Spectral imaging. 
 
Areas of Teaching 
Remote Sensing and Space weather, spacecraft environment interactions 
 
Other Related Work Experience 
1980-1987 – Research and teaching at the University of Alabama, Huntsville, working at 
NASA/Marshall Space Flight Center 
 
Consulting and Patents 
 
Principal Publications of Last Five Years 
 
Remote Sensing from Air and Space, Book 
 
Torkar, K, W. Riedler, C. P. Escoubet, M. Fehringer, R. Schmidt, R. J. L. Grard, H. Arends, F. 
Rudenauer, W. Steiger, B. T. Narheim, K. Svenes,  R. Torbert, M. Andre, A. Fazakerley, R. 
Goldstein, R. C. Olsen, A. Pedersen, E. Whipple, H. Zhao, Active Spacecraft Potential for 
Cluster – implementation and first results, Annales Geophysicae, 1289-1302, 2001. 
 
Tyo, S, A. Konsolakis, D. I. Diersen, and R. C. Olsen, Principal components-based display 
strategy for spectral imagery, IEEE Transactions on Geoscience and Remote Sensing, 41, 708-
718, 2003. 
 
Tso, Brandt, and R. C. Olsen, A contextual classification scheme based on MRF model with 
improved parameters estimation and multiscale fuzzy line process, Remote Sensing of 
Environment, 97, 127-136, 2005. 
 
Tso, B., and R. C. Olsen, Combining spectral and spatial information into hidden Markov models 
for unsupervised image classification, International Journal of Remote Sensing, 26, 2113-2133, 
2005. 
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Scientific and Professional Society Memberships 
Member of International Society for Optical Engineering (SPIE); IEEE, AGU, 
 
Honors and Awards 
NPS Outstanding Research Award 
 
Institutional and Professional Service in Last Five Years 
Chairman, faculty council, 2007 
 
Professional Development Activities in Last Five Years 
None 




Assistant Professor of Mechanical and Astronautical Engineering 
Naval Postgraduate School 
 
Education 
M.S.  Aeronautical Engineering Milan Polytechnic, Milan, Italy  1997 




Assistant Professor, 2004-present, full-time appointment. 
Director, Spacecraft Robotics Laboratory, 2004-present 
Assistant Research Professor, February-September 2004, full-time appointment. 
 
Areas of Research 
Autonomous Spacecraft Dynamics and Control, Robotics 
 
Areas of Teaching 
Spacecraft Dynamics and Control 
 
Other Related Work Experience 
Milan Polytechnic, Milan, Italy, Tenured Assistant Professor, full-time appointment from 
January 2004 to February 2004, on-leave from March 2004 to December 2006. 
 
U.S. National Research Council, Research Associate Fellow, Department of Aeronautics and 
Astronautics, Naval Postgraduate School, Monterey, CA, from July 2001 to December 2003. 
 
Milan Polytechnic, Milan, Italy, Research Associate, from December 2000 to July 2001. 
 
Milan Polytechnic, Milan, Italy, Ph.D. candidate, from 1997 to 2000. 
 
European Centre for Particle Physics (CERN), Geneva, Switzerland, Research Associate, 
summer 1997. 
 
Scuola Superiore Sant’Anna, Pisa, Italy, Research Associate, spring 1997. 
 
European Space Agency (ESA) Astronaut Centre, Cologne, Germany, Research Associate, fall 
1996. 
 




Professional Aeronautical Engineer, Italy, 1997 
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Principal Publications of Last Five Years 
R. Bevilacqua, M. Romano, Fuel Optimal Spacecraft Rendezvous with Hybrid On-Off 
Continuous and Impulsive Thrust. Accepted for publication. To appear on AIAA Journal of 
Guidance, Control, and Dynamics. 
 
M.Romano, D.A. Friedman, T.J. Shay, Laboratory Experimentation of Autonomous Spacecraft 
Approach and Docking to a Collaborative Target, AIAA Journal of Spacecraft and Rockets, Vol. 
44, No. 1, pp. 164-173, January-February 2007. 
 
M.Romano, B.N. Agrawal, Attitude Dynamics/Control of Dual-Body Spacecraft with Variable-
speed Control Moment Gyros, AIAA Journal of Guidance, Control, and Dynamics, Vol. 27, No. 
4, pp. 513-525, July-August 2004. 
 
M.Romano, B.N. Agrawal, Acquisition, tracking and pointing control of the Bifocal Relay 
Mirror Spacecraft, Acta Astronautica, Vol.53, No.4, 2003, pp. 509-519. 
 
M.Romano, B.N.Agrawal, F.Bernelli-Zazzera, Experiments on Command Shaping Control of a 
Manipulator with Flexible Links, AIAA Journal of Guidance, Control, and Dynamics, Vol. 25, 
No. 2, 2002, pp. 232-239. 
 
Scientific and Professional Society Memberships 
Member of the American Institute of Aeronautics and Astronautics, 1997-present. 
Member of the International Institute of Electrical and Electronics Engineers, 2002-present. 
Member of the American Astronautics Society, 2002-present. 
 
Honors and Awards 
2006 recipient of the Carl E. and Jesse W. Menneken Annual Faculty Award for Excellence in 
Scientific Research 
 
Institutional and Professional Service in Last Five Years 
Member of the AIAA Space Automation and Robotics Technical Committee, since 2004. 
Member of the AIAA Guidance Navigation and Control Technical Committee, since 2004. 
Founding Member of the IEEE Space Robotics Technical Committee, since 2006. 
 
Professional Development Activities in Last Five Years 
IEEE International conference on robotics and automation, 2007. 
AIAA Guidance Navigation and Control Conference, 2006. 
AIAA Guidance Navigation and Control Conference, 2005. 
IEEE Advanced Intelligent Mechatronics Conference, 2005. 




Professor of Mechanical and Astronautical Engineering 
Naval Postgraduate School 
 
Education 




July 2005 - present 
Professor of Mechanical and Astronautical Engineering 
The Naval Postgraduate School, Monterey, CA 
October 2003 – June 2005 
Associate Professor of Mechanical and Astronautical Engineering 
The Naval Postgraduate School, Monterey, CA 
July 1998-September 2003 
Associate Professor of Aeronautics and Astronautics 
The Naval Postgraduate School, Monterey, CA 
April 1992-June 1998 
Assistant Professor of Aeronautics and Astronautics 
The Naval Postgraduate School, Monterey, CA 
 
Areas of Research 
Pseudospectral methods for optimal control and optimal control theory 
 
Areas of Teaching 
Guidance, Control and Optimization 
 
Other Related Work Experience 
October 1999-June 2001 
Visiting Associate Professor of Aeronautics and Astronautics  
The Charles Stark Draper Laboratory, Cambridge, MA 
 
Principal Publications of Last Five Years 
Ross, I. M. and Fahroo, F., “Issues in the Real-Time Computation of Optimal Control,” 
Mathematical and Computer Modelling, An International Journal, Vol. 43, Issues 9-10, May 
2006, pp.1172-1188. (Special Issue: Optimization and Control for Military Applications) 
 
Gong, Q., Kang, W. and Ross, I. M., “A Pseudospectral Method for the Optimal Control of 
Constrained Feedback Linearizable Systems,” IEEE Transactions on Automatic Control, Vol.51, 
No.7,July 2006, pp.1115-1129. 
 
Ross, I. M. and D’Souza, C. N., “A Hybrid Optimal Control Framework for Mission Planning,” 
Journal of Guidance, Control and Dynamics, Vol. 28, No. 4, July-August 2005, pp.686-697. 
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Ross, I. M., “Space Trajectory Optimization and L1-Optimal Control Problems,” Modern 
Astrodynamics, edited by P. Gurfil, Elsevier, St. Louis, MO, September 2006. 
 
Infeld, S. I., Josselyn, S. B., Murray, W. and Ross, I. M., “Design and Control of Libration Point 
Spacecraft Formations,” Journal of Guidance, Control and Dynamics, to appear. 
 
Ross, I. M., “A Roadmap for Optimal Control: The Right Way to Commute,”  New Trends in 
Astrodynamics and Applications, edited by E. Belbruno, Annals of the New York Academy of 
Sciences, Vol. 1065,  pp. 210-231, January 2006. 
 
Scientific and Professional Society Memberships 
Book Review Editor, Journal of Guidance, Control and Dynamics, 1996-2003 
NASA Peer Review Evaluator, 1998, 2001 
Member, AAS Space Flight Mechanics Committee, 1995-2000 
Member, AIAA Astrodynamics Technical Committee, 1991-1993, 1995-1998 
Member, AIAA Mechanics and Control of Flight Award Committee, 1998 
AIAA Technical Chair, AAS/AIAA Astrodynamics Specialist Conference, 1995 
Founding Chair, AAS Breakwell Travel Award Committee, 1995-96 
Member, AIAA Mechanics and Control of Flight Award Committee, 1992-1994 
Chair, AIAA Mechanics and Control of Flight Award Committee, 1992 
Member, AIAA Astrodynamics Awards Subcommittee, 1991-1994 
 
Honors and Awards 
Carl E. and Jessie W. Menneken Award for Excellence in Research, 2002 
Associate Fellow, American Institute of Aeronautics and Astronautics 
AIAA Outstanding Leadership Award, 1998 
Outstanding Research Award, Space Systems Engineering, NPS, 1998 
Provost’s Award for Excellence in Course Design, NPS, 1996 
Outstanding Research Award, Astronautical Engineering, NPS, 1995 
Meritorious Teaching Award, Astronautical Engineering, NPS, 1994 
Meritorious Teaching Award, Space Systems Engineering, NPS, 1992 
 
Institutional and Professional Service in Last Five Years 
Academic Associate for Space Systems Engineering Curriculum, 2003-2004 
Member, Astronautics Curriculum Committee, 1992-present 
Member, NPS Academic Council, 1992-1998, 2001-2003 
Team Leader, NPS Team for Nonlinear Dynamics and Control, 2002-03 
Member, Dissertation Committee (various) 
 
Professional Development Activities in Last Five Years 
Classified 
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CAPT Alan D. Scott, USN 
Military Associate Professor, Space Systems Academic Group 
 
Education 
B.S. Electrical Engineering  US Naval Academy  1981 
Graduate, Eng Test Flight Officer Course US Naval Test Pilot School 1988 
M.S. Astronautical Engineering  Naval Postgraduate School 1996 
Aeronautical and Astronautical Engineer Naval Postgraduate School 1996 




Military Associate Professor, Space Systems Academic Group July 2005 - Present 
Program Officer, Space Systems Engineering and Operations July 2005 - Present 
 
Areas of Research 
Military Applications of Space Systems 
Military Space Systems Architectures and Operations 
Space Systems Testing and Mission Assurance 
 
Areas of Teaching 
Military Applications of Space Systems 
Military Space Systems Architectures and Operations 
Space Systems Testing and Mission Assurance 
Space Technology and Applications 
Launch Systems and Launch Vehicle Integration 
Spacecraft Design and Integration 
 
Other Related Experience (Teaching, Industrial, etc.): 
Director, Research and Technology Office, IMINT Directorate, NRO Oct 03 – Jun 05 
Dep. Director, Systems Engineering Office, IMINT Directorate, NRO Aug 01 – Sep 03 
Dep. Director, Low Earth Orbit Program Off, SIGINT Directorate, NRO Jun 99 – July 01 
Chief Operational Test Director, Air Test and Evaluation Squadron ONE Jul 96 – Jan 99 
Launch Integration Manager, Naval Space Technology Program/NRO Aug 90 - Oct 93 
Project and Test Flight Officer, Naval Force Aircraft Test Squadron Jul 88 – Jul 90 
 
Consulting and Patents: 
None 
 
State(s) In Which Registered: 
None 
 
Principal Publications of Last Five Years: 
None 
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Scientific and Professional Society Memberships 
American Institute of Astronautics and Aeronautics (AIAA) 
 
Honors and Awards 
NRO Gold Medal     June, 2005 
NRO Leadership Award    2003 & 2004 
Naval Force Aircraft Test NFO of the Year  1990 
Numerous Military Awards  
 
Institutional and Professional Service in Last Five Years 
NPS Representative, DOD Space Professional Oversight Board 
and AFIT/NPS Joint Space Academic Group  2005 - Present 
Chair, AFIT/NPS Joint Space Academic Group  Jan 2007 - Present 
Docent, National Air and Space Museum   2003 - 2005 
 
Professional Development Activities in Last Five Years 
AIAA Responsive Space Conference   2007 
Carnegie-Mellon Technical Management Course 2003 
NRO Space Acquisition Courses   2002 - 2005 
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Oleg A. Yakimenko 
Research Associate Professor of Mechanical and Astronautical Engineering 
Naval Postgraduate School 
 
Education 
B.S.  Computer Science  MIPT*     1983 
M.S.  Aeronautical Engineering MIPT*     1986 
M.S.  Operations Research  AFEA&    1988 
M.S.  Business Administration Russian-American University  1995 
Ph.D.  Aeronautical Engineering AFEA&    1991 
Ph.D.  Operations Research  Russian Academy of Sciences 1996 
*  Moscow Institute of Physics and Technology, Moscow Russia & Air Force Engineering 




Research Associate Professor, 2003-present: Dept. of Mechanical and Astronautical Engineering, 
NPS, full-time appointment; 
Research Associate Professor, 2001-2003, Dept. of Aeronautics and Astronautics, NPS, full-time 
appointment; 
National Research Council (NRC) Senior Research Associate, 1998-2001, full-time 
appointment; 
 
Other Related Work Experience 
Consultant, Mikojan and Sukhoy Design Bureaus, 1988-1998. 
Active Duty, Russian Air Force, made a Colonel in 1998. 
 
Consulting and Patents 
Yakimenko O.A., Shangin D.M., Potanin Yu.P., “High G-load maneuvering manner,” Russian 
Patent No.4542314/04725, Issued October 15, 1991. 
Yakimenko O.A., Potanin Yu.P., “High G-load maneuvering manner,” Russian Patent 





Principal Publications of Last Five Years 
Hespanha J., Yakimenko O., Kaminer I., Pascoal A., “Linear Parametrically Varying Systems 
with Brief Instabilities: An Application to Integrated Vision / IMU Navigation,” IEEE 
Transactions on Control Systems Technology, vol.40, №3, 2004, pp.889-902. 
 
Yakimenko O., Dobrokhodov V., Kaminer I., “Synthesis of Optimal Control and Flight Testing 
of Autonomous Circular Parachute,” AIAA Journal of Guidance, Control, and Dynamics, vol.27, 
№1, 2004, pp.29-40. 
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Dobrokhodov, V.N., Yakimenko O.A, Junge, C.J., “Six-Degree-of-Freedom Model of a 
Controlled Circular Parachute”, AIAA Journal of Aircraft, Vol.40, No.3, 2003, pp.482-493. 
 
Yakimenko O.A., Kaminer I.I., Lentz W.J., Ghyzel P.A., “Unmanned Aircraft Navigation for 
Shipboard Landing using Infrared Vision,” IEEE Transactions on Aerospace and Electronic 
Systems, vol.38, №4, 2002, pp.1181-1200. 
 
Yakimenko O., Berlind R., and Albright C., “Automated Air Drop Video Data Reduction and 
Air Delivery Payload Position Estimation,” Proceedings of the 9th IEEE International 
Conference on Control, Automation, Robotics and Vision (ICARCV 2006), Singapore, 
Singapore, December 5-8, 2006. 
 
Scientific and Professional Society Memberships 
Associate Fellow of the AIAA, 1999-present 
Associate Fellow of the Russian Academy of Sciences of Aviation and Aeronautics, 1998-
present 
Scientific Advisor of the Russian and International Engineering Academy, 1996-present 
 
Honors and Awards 
National Research Council, Fellowship for Scientific and Technological Exchange, 2000; 
Society of Automotive Engineers, World Aviation Congress Best Paper Award, 2000; 
National Research Council, Fellowship for Scientific and Technological Exchange, 1999; 
Institute of Electrical and Electronics Engineers, International Training and Education 
Conference Best Paper Award, 1999; 
Mikojan Design Bureau, Certificate of Recognition, 1999; 
National Research Council, Fellowship for Scientific and Technological Exchange, 1998; 
 
Institutional and Professional Service in Last Five Years 
AIAA Progress in Astronautics and Aeronautics Series Editorial Board member, American 
Institute of Aeronautics and Astronautics, 2006-present 
Aerodynamic Decelerator Systems Technical Committee member, American Institute of 
Aeronautics and Astronautics, 2006-present 
 
Professional Development Activities in Last Five Years 
System Engineering Fundamentals, Instructor: Dr. John Hsu (The Boeing Company), American 
Institute of Aeronautics and Astronautics, Reno, NV, January 2006; 
Modeling of Six Degrees of Freedom: Missile and Aircraft Simulations, Instructor: Dr. Peter 
Zipfel (University of Florida), American Institute of Aeronautics and Astronautics, Reno NV, 
January 2006; 
AGI’s STK 7, Dr. Kevin Flood (AGI), San Jose, CA, January 2006; 
Data Acquisition in MATLAB, Instructor: Mr. Isaac Noh (The Mathwork’s) and Dr. Michael 
Lauterbach (LeCroy Corporation), San Jose, CA, September 2006; 
MATLAB for Building Graphical User Interfaces, Instructor: Mr. Ehsan Afkhami (The 
Mathwork’s), San Francisco, CA, October 2006; 
Real-Time Workshop Fundamentals, Instructor: Mr. Kevin Parmenter (The Mathwork’s), San 
Jose, CA, November 2006 
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William J. Welch 
Lecturer, Information Science Department 
Lecturer, Space Systems Academic Group 
 
Education 
B.S.  General Engineering   USNA   1979 
M.S.  Space Systems Operations  NPS   1987 




Initial appointment to Lecturer, Software Engineering Department May 2001 
Appointment to Lecturer, Information Sciences Department, May 2007 
 
Other Related Experience (Teaching, Industrial, etc.): 
2001 – 2007 Lecturer of Information Science and Space Systems at NPS. 
1997- 2001 Curriculum Administration Officer, Aerospace Engineering Department, Naval 
Postgraduate School, Monterey, California, providing course and curriculum development for 
space engineering, aerospace engineering  and avionics courses. 
1994-1997 Supervisor of engineering for Pacific Fleet E-2C aircraft. 
1991-1994 Monitored software production effort for Grumman Corporation on Navy F-14 D and 
EA-6B aircraft software development contracts. Maintained exhaustive surveillance on 
performance measurement for 90-person software development group. Observed Grumman 
evaluation of SEI capability Maturity Model. 
1987-1991 Served as operations officer for Navy squadron. 
1985-1987 Completed postgraduate education; received MS in Space Operations. 
1984-1985 Served as training officer for newly trained naval aircrew. 
1979-1984 Served as aircrew aboard carrier-based Navy aircraft. 
1975-1979 Completed undergraduate education; received BS in General Engineering. 
 
Consulting and Patents 
None 
 
State(s) In Which Registered 
None 
 
Principal Publications of Last Five Years 
“Lessons Learned Providing Distributed Learning During Military Operations at Sea”, 
Interservice/Industry Training, Simulation, and Education Conference (I/ITSEC) 2003, with 
Thomas Hazard 
 
Scientific and Professional Society Memberships 
Association of Computing Machinery (ACM) 
US Naval Institute 
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Honors and Awards 
None 
 
Institutional and Professional Service in Last Five Years 
Requirements analysis/faculty coordination for potential certificate in Space Systems Operations 
Completion of Naval Professional Military Course Modules for the USN IP community. Excerpt 
from feedback: “I'd like to pass on my sincere appreciation and Bravo Zulu to Joe Welch for the 
outstanding work he did for the Navy Professional Military Education, Space Technology and 
Applications modules.  He was the first of 8 individuals/teams to complete his modules.  The 
content he developed for our junior officers will give them the broad foundation they need in 
their development as warriors. In addition, the Center for Naval Leadership, the command tasked 
with developing the basic NPME, is most impressed with the work product he provided.” 
Served as assistant and participant for NPS-AFIT Joint Space Advisory Group. The mission of 
the Joint Space Academic Group (JSAG) is to help ensure that the National Security Space 
(NSS) Cadre receives high quality, relevant, and responsive graduate education that is aligned to 
NSS needs.   Involvement required frequent interaction with NSS space professionals in 
USN/USAF/USA/NRO billets. Fully reviewed and revitalized the SS3051 course to incorporate 
NSSI focus on space effects to the warfighter. Also, incorporated GIANT (GPS vulnerability 
labs) and SCOPES labs. 
 
Professional Development Activities in Last Five Years 
Participation in GIS graduate studies/certificate in GIS from Penn State University 
Attended and completed four week National Security Space Institute (NSSI) Space 200 course in 
Colorado Springs (approx 180 hours of instruction, labs and simulation).  Contents of course 
were invaluable to currency of offered space systems and information systems classes. 




Professor, EE Department 
 
Education 
B.S.  Northeastern University, China  (1982) 
M.S.  Washington University in St. Louis  (1984) 
D.Sc.  Washington University in St. Louis  (1987) 
 
NPS Experience 
1994-2000: Associate Professor, Naval Postgraduate School, Monterey, CA 
2000-present: Professor, Naval Postgraduate School, Monterey, CA 
 
Other Related Experience (Teaching, Industrial, etc.) 
1987-1994: Assistant Professor, University of Pennsylvania, Philadelphia, PA 
 
Consulting and Patents 
Eric R. Bachmann, Robert B. McGhee, Xiaoping Yun, Michael J. Zyda, and Douglas I. 
McKinney, Method and Apparatus for Motion Tracking of an Articulated Rigid Body, US Patent 
# 0103610, August 1, 2002. 
 
State(s) In Which Registered 
None 
 
Principal Publications of Last Five Years 
Xiaoping Yun and Eric R. Bachmann, "Design, Implementation, and Experimental Results of a 
Quaternion-Based Kalman Filter for Human Body Motion Tracking," IEEE Transactions on 
Robotics, Vol. 22, No. 6, December 2006, pp. 1216-1227. 
 
Xiaoping Yun, Eric R. Bachmann, Hyatt Moore IV, and James Calusdian, "Self-Contained 
Position Tracking of Human Movement Using Small Inertial/Magnetic Sensor Modules,"  
Proceedings of 2007 IEEE International Conference on Robotics and Automation, Rome, Italy, 
April 10-14, 2007, pp. 2526-2533. 
 
Xiaoping Yun, Eric R. Bachmann, Andreas Kavousanos-Kavousanakis, Fraruk Yildiz, and 
Robert B. McGhee, "Design and Implementation of the MARG Human Body Motion Tracking 
System," Proceedings of 2004 IEEE/RSJ International Conference on Intelligent Robots and 
Systems, Sandai, Japan, September 28-Octomber 2, 2004, pp. 625-630. 
 
Eric R. Bachmann, Xiaoping Yun, and Christopher W. Peterson, "An Investigation of the Effects 
of Magnetic Variations on Inertial/Magnetic Orientation Sensors," Proceedings of 2004 IEEE 
International Conference on Robotics and Automation, New Orleans, LA, April 2004, pp. 1115-
1122. 
 
Eric R. Bachmann, Xiaoping Yun, Doug McKinney, Robert B. McGhee, and Michael Zyda, 
"Design and Implementation of MARG Sensors for 3-DOF Orientation Measurements of Rigid 
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Bodies," Proceedings of 2003 IEEE International Conference on Robotics and Automation, 
Taipei, Taiwan, September 2003, pp. 1171-1178. 
 
Scientific and Professional Society Memberships 
Fellow of IEEE. 
 
Honors and Awards 
None 
 
Institutional and Professional Service in Last Five Years 
Member of Executive Committee (ExCom) of IEEE Robotics and Automation Society, 2004-
2009. 
Member of Conference Board, IEEE Robotics and Automation Society, 1999-present. 
Advisory Committee Chair of 2005 IEEE International Conference on Robotics and Automation, 
Barcelona, Spain. 
Advisory Committee Chair of IEEE International Symposium on Computational Intelligence in 
Robotics and Automation, 2001-2007. 
Member of  IEEE Fellow Evaluation Committee, IEEE Nanotechnology Council, 2006-2007. 
 
Professional Development Activities in Last Five Years 
None 












D. Evaluation Forms 
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D-1. Alumni / Supervisor Survey 
 
Space Systems Operations and Engineering 




The Space Systems Operations (366) and Space Systems Engineering (591) Curriculums are 
required to periodically perform a complete Curriculum Review to ensure that all requirements 
set by program Sponsors are being met.  This survey is being sent to all graduates of the 366 and 
591 programs in order to assist us in determining how well the course of study you completed 
has prepared you for your follow on military assignments.  Your feedback is critical to make sure 
that what is taught at NPS is providing the best possible preparation for our graduates as they 
return to their services and fight the Global War on Terrorism.  Please answer the questions with 
as much detail as you can, and return these surveys to LCDR Stephen Tackett by 15 Feb 2007.  




1.  Name:      
 
2.  Curriculum:  366—(Space Systems Operations) or 591—(Space Systems Engineering) 
 
3.  Service: USN USA USAF USCG DOD CIV INTL 
 
4.  MOS/Designator:      
 
5.  Area of degree emphasis (if any):      
 
6.  When did you graduate from NPS?        
 
7.  Please list all Space-related jobs you have held since graduation from NPS.      
 
8.  What was your next assignment following graduation?       
 
9.  To your knowledge, were your orders reviewed by a Space Cadre Advisor or equivalent 
during the detailing process?       
 
If you have not had a job in a Space-related field, please answer these questions.  If you have had a 
job in Space, please skip to the next section. 
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10.  Have your studies at NPS helped you in any way with any of the assignments you have had 
since graduation?  This might include information you learned here that was not required in your 
job, but gave you much better understanding of space capabilities and/or how information was 





11.  If the answer to question 10 was Yes, in what way did your studies help you in your job(s)? 





12.  How do you feel the courses and experiences you had at NPS would help you if you were to 





Please proceed to the end of the survey. 
 
If you have had a job in the Space Field, please answer the following questions. 
 
13.  Do you feel the curriculum at NPS prepared you adequately for the Space job(s) you 















16.  Did you take any courses outside of the normal curriculum matrix that you feel have helped 
you in your space job?  If yes, please list those courses.       
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17.  Are there courses that you wished you had taken or topics that should have been covered 
that you think would have helped you in your Space job? If Yes, which courses/topics would 





18.  Did any of the field trips to facilities, projects, or agencies that you went on while at NPS 





19. Please describe the field trips that you went on that you feel were valuable in your Space job. 















22.  Do you have any inputs regarding how the curriculum could be improved to provide more 







23.  In your Space job, have you had a need to contact faculty/staff at NPS for assistance?  If Yes, 
were your requests satisfied?       
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24. Are you a graduate of NPS?       
 
25.  In as much detail as possible, please describe the duties of the person who completed this 
survey, and how well you feel the Program of Study at NPS prepared this person for his present 
assignment.  If you feel there is additional subject matter that should be taught at NPS which 
would better prepare individuals for Space jobs, please describe that as well.  Include any 












26.  For all survey participants, please use the following space to add any additional comments 















Thank you for your time and contribution to our curriculum. 
Best of luck to you in all of your future endeavors. 
 
Please return surveys to LCDR Stephen Tackett at: 
shtacket@nps.edu 
831-656-2944 
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D-2. Thesis Evaluation and Rating Form 
 
Thesis Evaluation and Rating Form 
Faculty Assessment of Outcome 3 
 
Outcome 3) Thesis: MSAE degree recipients will have completed a thesis that demonstrates 
competence at the basic level in one of the available disciplines of Astronautical Engineering. 
 
Student  Advisor  
Curriculum  Co-advisor  
Classification  Reader  
Title:  
Grad. Date:  
 
The ABET accredited MSAE Degree Program the above-student is completing requires the 
student to complete a thesis that demonstrates advanced level competence in one of the available 
disciplines of Astronautical Engineering.  Accreditation criteria require that we continually 
assess our success in achieving program outcomes and feed back the results of our assessment to 
improve the program outcomes.  Please provide your assessment of the level of success for this 
student relative to Outcome 4, based on the student’s written thesis, the thesis presentation, and 
plans (if known) for subsequent publication involving this student. 
 
 
1. Advanced Level Competence 
Rating Comments 
 5. Outstanding 
 4. Excellent 
 3. Satisfactory 
 2. Fair 




2. Scientific or Technical Merit of the Thesis 
Rating Comments 
 5. Outstanding 
 4. Excellent 
 3. Satisfactory 
 2. Fair 
 1. Poor 
 
 




3.  Defense Relevance 
Rating Comments 
 5. Outstanding 
 4. Excellent 
 3. Satisfactory 
 2. Fair 




4.  Written Communication 
Rating Comments 
 5. Outstanding 
 4. Excellent 
 3. Satisfactory 
 2. Fair 
 1. Poor 
 
 
5.  Oral Communication 
Rating Comments 
 5. Outstanding 
 4. Excellent 
 3. Satisfactory 
 2. Fair 




6.  Reporting in Archival Literature 
Please list citations for journal articles, conference presentations, conference publications, 
invention disclosures, software or other scholarly products related to the student’s work.  
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D-3. Space Systems (Astronautical) Engineering Graduate Survey 
 
Background: 
Exit Questionnaire: This exit questionnaire is used to adjust the curriculum and course content 
for students who will follow in your footsteps.  This process is extremely important in 
maintaining the currency and applicability of the NPS Space Systems Engineering Program.  It is 
also necessary to support program accreditation by the American Board of Engineering and 
Technology (ABET).  ABET reviewers consider this document as an essential part of the 
program evaluation feedback loop.  These surveys will also be important for the overall 
accreditation of NPS, which is performed by the Western Association of Schools and Colleges. 
 
Outcomes Assessment Questionnaire: In addition to this questionnaire, you can expect to 
receive another two questionnaires within two years of graduation--one for yourself and one for 
your immediate boss.  These questionnaires will provide necessary feedback as part of the 
“outcomes assessment” loop now required by ABET.  In previous reviews, ABET noted 
deficiencies and weaknesses within many of the NPS engineering departments because of the 
lack of an “outcomes assessment.” 
 
Filing requirements:  These surveys will be maintained in paper files and electronic files in the 




1.  Name:       
 
2.  Curriculum:  591--Space Systems Engineering 
 
3.  Service:       USN USA USAF USCG       DOD CIV INTL 
 
4.  MOS/Designator:        
 
5.  Degree Type (i.e. – MSAE, MS-CS, MS-EE, MS-PH):      
 
6.  Is the curriculum what you expected?       
 
7.  What courses were especially useful?       
 
8.  What courses did you feel were of little use and could be eliminated?       
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9.  What courses did you take outside of the normal curriculum matrix?       
 
10.  What courses, if any, do you recommend as additions to the curriculum?       
 
11.  Is the curriculum the proper length?       
 
12.  Are field trips to facilities, projects, and agencies worthwhile?  Please list the organizations 
you visited and whether or not you recommend students visit these locations in the future.       
 
13.  What is your assessment of the guest speakers/seminars?  Were their talks worthwhile?  
Were there too many or too few?       
 
14.  Were you adequately informed of: 
a. The thesis process?       
 
b. Thesis topics available?       
 
c. How to research, investigate and write a thesis?       
 
15.  Did any of the professors do a particularly good job or poor job?  Please provide specifics. 
      
 
16.  Were the time demands of the curriculum about right, too much or too little?       
 
a.  Were the time demands of the refresher quarter appropriate?  Did the refresher quarter 
provide adequate preparation for the core curriculum?      
 
b.  List any course for which you felt the time demands were inappropriate and describe 
why.      
 
c. Were the time demands for your thesis appropriate?      
 
d. Were the time demands for the laboratories appropriate?      
 
17.  If you desired it, were you provided with study space and did it meet your needs?      
 
18.  Do you have any inputs regarding how the curriculum could be improved? (Please provide 
as much detail as possible).      
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Please select only one response per question 
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31.  Was the Space Systems Program Officer responsive to your needs?       
 
 
32.  Did the Space Systems Program Officer provide you with adequate information?       
 
 
33.  Was the Space Systems Engineering Academic Associate responsive to your needs?       
 
 
34.  Did the Space Systems Engineering Academic Associate provide you with adequate 
information?       
 
 
35.  Are there any facilities changes you recommend to create a more comfortable, effective 










Thank you for your time and contribution to our curriculum 
Best of luck to you in all of your future endeavors. 
Department of Mechanical and Astronautical Engineering     Self Study Report 
 
 179
D-4. Graduating Student Exit Survey 
 
Summary of Exit Survey Comments 
 
Comments on Specific Courses 
- Consolidate communications courses (EO2525/EO3525)--multiple responses 
- Dynamics courses could be consolidated/restructured (AE3815/AE3820/AE3830/AE4816)--
multiple responses 
 -- Some duplication in material covered 
 -- Courses don’t always match descriptions 
 -- AE3818 should be 1st dynamics course in sequence 
 -- Practical application material on real-world space missions in AE3815/AE3818 should be 
retained/enhanced 
 -- AE3820 too late in curriculum 
- Add course/content on classical Systems Engineering (such as EC4010) 
- Make room for more electives—multiple comments 
 -- enable opportunity for acquisition officers (AEDOs/EDOs) to take additional 
acquisition/systems engineering courses 
 -- enable opportunity for courses such as advanced orbital mechanics, advanced remote 
sensing, space control 
- Restructure AE3870 (Design Tools) to make better use of time--multiple responses 
 -- Consider introducing analysis software (i.e.—IDEAS/NASTRAN) in Spacecraft Structures 
and Thermal Control Courses 
 -- Consider including systems engineering content in Design Tools class 
- EC2820 is an unnecessary prerequisite for SS3035 and could be eliminated--multiple responses 
- Need more coverage of payload design topics, including applied optics, lasers, radar, etc. (“too 
much focus on the bus”)--multiple responses 
- AE3804 (Spacecraft Thermal Control) needs to be updated 
 -- Material on practical applications to real-world space missions needs to be enhanced 
- Refresher course sequence needs to be more tailored/streamlined 
 -- PH1001 did not provide adequate preparation for AE2820 (Spacecraft Structures).  
Recommend addition of a statics course instead. 
 -- Consider dedicated refresher courses for Astronautical Engineering/Space Systems (i.e.--
Math for Space Systems) 
 
Comments on Curriculum 
- Set up orientation session for new students—multiple responses 
 -- Describe structure of program, composition of Space Systems Academic Group (SSAG) 
and relationship to Academic Departments 
 -- Provide overview of course matrices and various track options/electives 
 -- Discuss validation and add/drop processes 
- Add seminar on thesis requirements, research topic selection, and available research areas--
multiple responses 
 -- Review thesis topic approval process 
 -- Create website with listing of available/suggested research topics 
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Comments on Facilities/Support 
- Dedicated study area needed for Astronautical Engineering/Space Systems Students--multiple 
responses (“most significant issue for students”) 
 
Comments on Instructors 
- Many positive comments and some negative (withheld due to privacy act considerations) 
 -- Comments addressed by Dept Chair and Program Officer on a case-by-case basis 
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E. Educational Skill Requirements 
 
Educational Skill Requirements 
Space Systems (Astronautical) Engineering 
Curriculum 591 
Subspecialty Code 5500 
 
All officers with graduate education in Space Systems Engineering must be competent in the 
below core subjects.  Theses competencies will enable graduates to serve in positions that design, 
acquire, operate, or secure military space systems and/or deny potential adversaries the effective 
use of their own.  The skills and competencies are detailed below. 
 
1. Joint Strategy and Policy 
• Officers develop a graduate-level ability to think strategically, critically analyze past 
military campaigns, and apply historical lessons to future joint and combined operations, 
in order to discern the relationship between a nation's policies and goals and the ways 
military power may be used to achieve them.  This is fulfilled by completion of the first 
of the Naval War College course series leading to Service Intermediate-level Professional 
Military Education (PME) and Phase I Joint PME credit. Understand current Navy and 
USMC doctrine (e.g., Sea Power 21, Expeditionary Maneuver Warfare). 
 
2. Orbital Mechanics, Space Environment and Remote Sensing 
• Understand the basic physics of orbital motion, the parameters used in the description of 
orbits and their ground tracks.  Understand the design of orbits, how they are achieved, 
maintained, and controlled including the design of constellations and how spacecraft are 
maneuvered and repositioned.  Understand spacecraft tracking and command/control 
from a ground station.  Understand the various orbital perturbations, including those due 
to nonspherical earth and due to atmospheric drag.  Understand the relationships of orbits 
to mission requirements, including the advantages and disadvantages of various orbits. 
• Understand the natural and induced environment of space including solar activity, 
geomagnetic and magnetospheric phenomena, physics of the ionosphere and upper 
atmosphere and their response to natural and artificial disturbances.  Understand the 
impacts to spacecraft parts and materials due to this space environment. 
• Understand the principles of active and passive sensors used in current and future 
spacecraft for sensing through the atmosphere.  Understand the effects of the space 
environment and countermeasures on sensor performance.  Understand the tradeoffs 
among various sensor techniques, including area of coverage, resolution, processing, and 
power requirements. 
 
3. Military Space Systems 
• Understand the two major components of military space systems:  (These systems include 
MILSATCOM, Commercial systems, GPS, Meteorological systems, space surveillance, 
National systems, space-based warning, and other nations’ systems). 
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Military Space Operations 
• Understand the operational requirements and limitations of current and future space 
systems used by the DoD for Space Control and Force Application. 
• Understand the roles of the Services in the development, operation, and use of these 
systems. 
• Understand the roles, responsibilities and relationships of national and Joint DoD 
organizations in establishing policies, priorities, and requirements for these space 
systems; and in their design, acquisition and operation. 
• Understand the nature of space warfare (theory, history, doctrine, and policy) including 
space control, assured access, global engagement, and full force integration.  Be familiar 
with Joint Doctrine (e.g. JP 3-14). 
• Warfighter Support Obtained from Space:  Understand the capabilities and use of space 
systems to enable and support Joint air, land, and sea military operations (i.e. Force 
Enhancement). 
• Understand the intelligence collection and analysis process for space systems and how 
warfighters access information from these sources. 
• Understand doctrine and operational concepts (e.g. USSTRATCOM’s “Long Range 
Plan”) and be able to contribute to the development of space tactics that enhance or 
support military operations. 
 
4. Project Management and System Acquisition 
• Understand project management and DoD system acquisition methods and procedures to 
include contract management, financial management and control, and the Planning, 
Programming and Budgeting System (PPBS).  Receive an introduction to the Defense 
Acquisition University and the acquisition courses and qualifications available. 
• Understand the system acquisition organizational responsibilities and relationships (e.g. 
Congress, DoD, Services; Resource Sponsor, Systems Commands, Operating Forces) as 
they pertain to the acquisition of systems for DoD, Naval, and civilian agency users. 
 
5. Spacecraft Communications and Signal Processing 
• Understand the basic principles of communications systems engineering including the 
space and ground segments. 
• Understand digital and analog communications architecture design, including frequency 
reuse, multiple access, link design, repeater architecture, source encoding, waveforms, 
and propagation media. 
• Understand current and future communications systems used or planned by Naval 
operating and Joint forces afloat and ashore. 
• Understand how space systems are used to meet Joint warfighters’ communications 
requirements. 
• Understand link budget calculations/analysis, waveforms, and modern SATCOM 
hardware design.  Understand signal processing techniques, both digital and analog, as 
applied to spacecraft communications, surveillance, signals intelligence, and electronic 
warfare. Understand spacecraft vulnerabilities in an electronic warfare context. 
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6. Computers: Hardware and Software 
• Understand the fundamentals of digital logic and digital system design.  Design simple 
digital computer subsystems. 
• Gain knowledge of current computer architecture, such as one of the common 16-bit or 
32-bit micro-processor systems.  Understand the ways in which computers are used in 
complex systems such as guidance, signal processing, communications and control 
systems. 
• Understand the fundamentals of electronic component design, fabrication, reliability, and 
testing (to include radiation hardening), with emphasis on parts, materials and processes. 
 
7. Spacecraft Dynamics, Guidance and Control 
• A fundamental understanding of the field of spacecraft guidance and control which 
includes, linear control, rotational kinematics, rigid body dynamics, single-spin 
stabilization, stability of dual-spin stabilized spacecraft, active nutation control, gravity-
gradient stabilization, disturbance torques: solar, magnetic, gravity gradient, and 
aerodynamic, attitude sensors, actuators, attitude determination, quaternion feedback 
control, three-axis-stabilized spacecraft attitude control design, biased momentum, 
thrusters, magnetic, three reaction wheel system, and control moment gyro system, rapid 
spacecraft reorientation maneuvers and tracking, and military spacecraft guidance and 
control. 
 
8. Spacecraft Structures and Materials 
• Understand the engineering of space structures including simplified sizing calculations 
and analytical modeling of advanced materials, which can be incorporated in system 
design and integration. 
• Understand the advanced dynamics and control of these structures. 
• Apply reliability and maintainability to testing, evaluation, and manufacturing, which can 
be used to predict the functional dependability of spacecraft structures. 
 
9. Propulsion Systems 
• Understand the operating principles of current and proposed propulsion devices for space 
applications; including launch, orbit changing and maneuvering engines. 
• Understand the interaction between mission requirements and propulsion requirements. 
 
10. Spacecraft Thermal Control and Power 
• Understand the principles of heat transfer on spacecraft, including radiation and 
conduction. 
• Understand the variations in the radiative properties of surfaces with respect to 
wavelength and temperature. 
• Understand the design and applications of current active and passive thermal control 
devices (including heat pipes, louvers, and materials). 
• Understand the sources of heat in space (solar, terrestrial, reflected solar, internal vehicle 
generation) and their variation as a function of vehicle orbit. 
• Gain knowledge of the major power generating systems for spacecraft and their operating 
characteristics, including the performance of photovoltaic sources in the natural and 
artificial radiation environment. 
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• Understand the role of energy storage devices in power systems design. 
 
11. Spacecraft Design and Integration 
• Understand the principles of space systems design, integration, and systems engineering, 
and their application to an overall spacecraft/mission.  Consideration will be given to life 
cycle costs, performance, maintainability, reliability, configuration control and systems 
integration. 
• Gain an appreciation of system design criteria from stated performance requirements, of 
trade-offs between payload and other spacecraft subsystems, and of test and evaluation 
procedures. 
• Gain proficiency in CAD, MATLAB, Satellite Tool Kit (STK), or similar programming 
simulators and analysis tools. 
 
12. Conduct and Report Independent Research 
• Conduct independent research on a space systems problem, including resolution of the 
problem and presentation of the results and analysis in both written and oral form. 
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Accreditation Board of Engineering and Technology (ABET) 
If you have a BS degree in Engineering, fill in block #1 and complete the form. 
If you have non-engineering BS degree, fill in block #2 and complete the form. 
 
BS DEGREE MAJOR ABET Accredited 
(Yes/No) 
INSITITUTION DATES ATTENDED 
1. BS (Eng)   From:        To:  
2. BS (other) N/A  From:        To:  
 
BSAE Equivalence Certifications Summary 
Complete this summary after filling the attached checklist with a detailed breakdown of each 
category. 
 
AREA Minimum required QUARTER CREDITS earned
1. Mathematics (24)  
2. Basic Science (24)  
3. Engineering Science (48)  
4. Engineering Design (24)  
5. Humanities & Social Science (24)  
TOTAL  
 
I certify that this student has met the minimum requirements for BSAE equivalency. 
Student Signature: ________________________________ Date: _______________ 
Academic Associate: _________________________________ Date: _______________ 
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DETAILED ABET CERTIFICATION FOR BSAE 
 
1. Mathematics A minimum of 24 Quarter Credit Hours (QCH) of school college-level 
mathematics is required.  Convert SCH (Semester Credit Hours) to QCH as per rule:  
QCH = 3/2 x SCH. 
 
Course Name (or equivalent) NPS Course # Other University Name Course # Equivalent QCH 
Single Variable Calculus I MA1113 (4)    
Single Variable Calculus II  MA1114 (4)    
Multivariable Calculus MA1115 (4)    
Vector Calculus MA1116 (3)    
Differential Equations MA2121 (4)    
Partial Differential Equations  MA3132 (4)    
Numerical Analysis MA3232 (4)    
Probabilistic Analysis of Signals and Systems EC2010 (3.5)    
Statistics for Science & Engineering OS3104 (4)    
Other     
Total Math QCH:  
2. Basic Sciences (minimum of 24 credits; Must include General Physics and Chemistry 
at the College level with a complete year of study in one or the other.) Convert SCH 
(Semester Credit Hours) to QCH as per rule:  QCH = 3/2 x SCH. 
 
Course Name (or equivalent) NPS Course # Other University Name Course # Equivalent QCH 
Fundamentals of Physics I PH1001 (5)    
Fundamentals of Physics II PH1002 (5)    
Introduction to the Space Environment PH2514 (4)    
Electromagnetic Wave Propagation PH3360 (4.5)    
Chemistry     
Other     
Total Basic Sciences QCH:  
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3. Engineering Sciences (minimum of 48 Quarter Credit Hours (QCH)). Convert SCH 
(Semester Credit Hours) to QCH as per rule:  QCH = 3/2 x SCH. 
 
Course Name (or equivalent) NPS Course # Other University Name Course # Equivalent QCH 
Intro to Digital Computation AE2440 (4)    
Intro to Spacecraft Structures AE2820 (4)    
Circuit Analysis EC2100 (4)    
Controls Systems EC2300 (4)    
Linear Systems EC2320 (3.5)    
Discrete Systems EC2400 (3.5)    
Analysis of Signals and Systems EC2410 (3.5)    
Communications Systems EC2500 (4)    
Digital Logic Circuits EC2820 (4)    
Engineering Thermodynamics ME2101 (5)    
Introduction to Fluid Mechanics ME2201 (4)    
Engineering Statics and Dynamics ME2503 (5.0)    
Mechanics of Solids I ME2601 (4.5)    
Orbital Mechanics & Launch Sys SS3500 (5)    
Other     
Other     
Other     
Total Undergraduate Engineering Science QCH:  
 
Course Name (or equivalent) NPS Course # Other University Name Course # Equivalent QCH 
Thermal Control of Spacecraft AE3804 (3)    
Space Systems Laboratory AE3811 (3)    
Intro to Spacecraft Dynamics AE3815 (4)    
Spacecraft Attitude Dyn & Control AE3818 (4)    
Spacecraft Guidance and Controls AE3830 (4)    
Spacecraft Propulsion AE3851 (4)    
Astrodynamic Optimization AE4850 (4)    
Spacecraft Design & Integration I AE4870 (4)    
Spacecraft Design & Integration II AE4871 (4)    
Space Power and Radiation Effects EC3230 (3.5)    
Communications Engineering EO3525 (4.5)    
Spacecraft Communications Engr EO3535 (4)    
Military Applications of Space SS3001 (4)    
Microprocessors for Space Appl SS3035 (4)    




   
Other     
Other     
Total Graduate Engineering Science QCH:  
Total (Undergraduate + Graduate) Engineering Science QCH:  
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4. Engineering Design (minimum of 24 Quarter Credit Hours (QCH)). Convert SCH 
(Semester Credit Hours) to QCH as per rule:  QCH = 3/2 x SCH. 
Instructions: 
a. Place a check mark next to the NPS course you have taken and copy the allowed NPS  
 design QCH for that course. 
b. Indicate any transfer courses under “other” along with allowed design QCH for that  
 course. 
c. Add number of design QCH in the last column to arrive at total. 
 





Design QCH Place a √ mark by course(s) taken and copy Design QCH 
Introduction to digital Computation AE2440  (1.2)   
Intro to Spacecraft Structures AE2820  (2.0)   
Thermal Control of Spacecraft AE3804  (0.3)   
Space Systems Laboratory AE3811  (1.0)   
Intro to Spacecraft Dynamics AE3815  (2.0)   
Spacecraft Attitude Dyn & Control AE3818  (2.0)   
Spacecraft Propulsion  AE3851 (0.5)   
Propulsion for Launch Vehicles AE3852 (1.0)   
Comp Tools for Spacecraft Design AE3870 (2.0)   
Astrodynamic Optimization AE4850 (1.0)   
Spacecraft Design & Integration I&II AE4870/71 (8)   
Control Systems EC2300  (2.0)   
Digital Logic Circuits EC2820 (2.0)   
Military Applications of Space SS3001  (1.0)   
Other     
Other     
Other     
Other     
Total Engineering Design QCH 
(from courses checked above): 
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5. Humanities (minimum of 24 Quarter Credit Hours (QCH)). Convert SCH (Semester 
Credit Hours) to QCH as per rule:  QCH = 3/2 x SCH. 
 
Course Name (or equivalent) NPS Course # & QCH Other University Name Course # Equivalent QCH 
Strategy & Policy     
Info Program Seminar for International 
Officers 
    
Philosophy     
Religion     
History     
Literature     
Fine Arts     
Sociology     
Psychology     
Political Science     
Anthropology/Archeology     
Economics     
Foreign Languages     
Government     
Other     
Other     
Total Humanities QCH:  
Revised: 
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G. Program Reviews by Sponsors 
November, 2004 Program Review Results Letter 
           1550 
           Ser 00/ 
From: President, Naval Postgraduate School 
To: Chief of Naval Operations (N00T) 
Via: Commander, Space and Naval Warfare Systems Command Space Field Activity
 Commander, Naval Sea Systems Command 
Subj: BIENNIAL REVIEW OF THE NAVAL POSTGRADUATE SCHOOL SPACE 
SYSTEMS ENGINEERING (#591) CURRICULA 
Ref: (a) OPNAVINST 1520.23 (SERIES) 
Encl: (1) Revised Education Skill Requirements 
 (2) List of participants 
 (3) Revised curricula matrix for Space Systems (Astronautical) Engineering (Curriculum 
#591) 
(4) List of action items 
1.  Per reference (a), a detailed review of the Naval Postgraduate School’s (NPS) Space Systems 
Engineering (#591) was conducted on November 2, 2004 by RDML(S) Victor See, Commander 
SPAWAR Space Field Activity.  Enclosure (1) details the revised Educational Skill 
Requirements (ESR) for the 5500 subspecialty, which were developed by a multi-service 
working group and approved at the flag-level review.   Participants for the flag-level review are 
listed in enclosure (2).  The curriculum matrix, shown in enclosure (3), satisfies the revised ESRs 
and meets the sponsor’s requirement.  RDML(S) See expressed satisfaction with the length, 
thesis requirement, and overall education provided by this program.  A list of action items is 
contained in enclosure (4). 
2.  The Space Systems Engineering (#591) unrestricted line officer curriculum matrix meets the 
requirement of the CNO’s 2004 guidance to incorporate JPME Phase I into Naval Postgraduate 
School’s Curricula. 
3.  The strong support and interest demonstrated by RDML(S) See and the SPAWAR Space 
Field Activity are greatly appreciated.  The Naval Postgraduate School remains committed to 
providing the highest quality education for the students who study the Space Systems 
Engineering curriculum. 
      PATRICK W. DUNNE    
      Rear Admiral, U.S. Navy 
Copy to:  CNO N131E 
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Table I – G-1.  Space Systems Engineering Curriculum Review 
 
Held at Naval Postgraduate School      02 November 2004 
 
List of Participants 
Name Command 
RDML Patrick W. Dunne President, Naval Postgraduate School 
VADM James D. 
MacArthur 
Commander Naval Network Warfare Command (NNWC) 
RADM(S) R.D. Reilly, Jr., Deputy Commander for C4 Integration and Policy, OPNAV N6F 
RDML(S) Victor See Commander, Space and Naval Warfare Systems Command Space Field 
Activity (SSFA) 
CDR Zigmond Leszczynski NNWC Space Systems 
LCDR Murray Carter NNWC 
Ms. Sandy Daniels  OPNAV N6F 
Mr. Don Hailes OPNAV N61 
CDR Scott Margulis ONAV N6X, Navy Space Cadre Manager 
Major Greg Kline SSFA 
Major Steven Redifer, 
USMC 
HQMC, Plans, Policy and Operations 
Mr. Curtis Bell Naval Networks and Space Operations Command (NNSOC) 
Ms. Linda Shultz NNSOC 
Dean Jim Kays Dean, Graduate School of Engineering and Applied Sciences, 
Naval Postgraduate School 
CAPT Dan Bursch Associate Dean, Graduate School of Engineering and Applied Sciences, 
Naval Postgraduate School 
CDR Mark M. Rhoades Space Systems Program Officer, Naval Postgraduate School 
CAPT Paula Jordanek Director of Programs, Naval Postgraduate School 
Prof. Rudy Panholzer Chairman, Space Systems Academic Group (SSAG), 
Naval Postgraduate School 
Members of NPS SSAG  
 
Table I – G-2.  Space Systems Engineering Curricular Review Action Items 
 
Action Action POC 
 
1. Revise the designator listing of officers eligible to enroll 
in Space Systems curricula.  Current list contains inactive 
or outdated designators. 
 
NPS – CDR Rhoades 
 
2. NPS to provide fill rate by designator data to Space 
Cadre Manager for generation of point paper from NWC 
to Naval Personnel Command regarding increasing the 
fill rate of Space Systems Engineering quotas. 
 
NPS – CDR Rhoades 
OPNAV N6X – CDR Scott 
Margulis 
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H. Alumni/Supervisor Survey Results 
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1. Survey Comment Summary 
 
A summary of the survey respondents are given in the following table. 
 
Table I – H-1.  Survey Response 
 
    Sent Returned % 
Surveys Sent 5 Feb to Navy, USMC 237 50 21% 
Surveys sent to Marines  19 8 42% 
Surveys sent 7 Feb to Army  19 9 47% 
Surveys sent to Air Force  0 0 0 
   Total 275 67 24% 
       
By Designator    Grad Year  
1110 5    1987 1 
1117 1    1989 2 
1120 4    1990 1 
1310 2    1991 5 
1320 7    1992 1 
1440 6    1993 4 
1460 2    1994 3 
1500 2    1995 2 
1510 3    1996 2 
1600 12    1997 4 
1610 6    1998 2 
1630 2    1999 5 
     2000 6 
By Curric     2001 3 
 366    2002 6 
With Space 
Jobs 
 32   2003 4 
     2004 6 
Without Space Jobs 10   2005 7 
     2006 4 
 591     68 
With Space 
Jobs 
 17     
       
Without Space Jobs 9     
       
  68     
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The survey comments are summarized below. 
 
General Comments 
• Can’t say enough good things about it.  Highly recommend the engineering program 
(Navy O-6) 
• As an Astronautical Engineering student, thought the curriculum was great 
• Cannot overemphasize the importance of team projects.  Graduates will undoubtedly 
work in an Integrated Project Team (IPT) of one sort of another, and the more exposure 
they have with participating and leading teams the better 
 
Courses considered especially useful in space-related assignments: 
• All courses related to system architecture, planned systems, and operations 
• Orbital mechanics (5) 
• Independent Study for thesis prep (for project completion) 
• Satellite Communications sequence (EO3535, etc) 
• Satellite Design sequence (3) 
• All of the classified courses 
• Communications theory and applications (3) 
• Computer and software engineering (both C++/OOP and Machine Code) 
• Astrodynamics (AE4362) 
• Spacecraft Attitude Dynamics and Control (AA3818) 
• Guidance, Navigation and Control 
• Matrix Analysis 
• Space Environment 
• System Acquisition and Management (2) 
• Space Systems Seminars with Fleet and Joint guest speakers,  
• Remote Sensing 
 
Additional content that would be useful in space-related assignments: 
• Current/future SATCOM constellations and their associated ground networks 
• Ground segment enterprise data architectures (2) 
• Additional RF communications content 
• Additional C4I course content 
• More time on actual application of hardware, less on theory – an example is 
incorporating MATLAB/Simulink with hardware 
• Additional content on Systems Engineering processes and discipline – trades, analysis, 
design reviews, requirements development, allocation and validation/verification, etc. (2) 
• Systems engineering requirements traceability, – use of tools such as DOORS 
• Introduction to family of systems architecture – how do you look at large system of 
systems 
• Additional Program Management content – work breakdown structures, scheduling, 
earned value, budgeting, developmental and operational testing, systems engineering (2) 
• More opportunity for customization.  Courses are mostly offered only once a year and if 
available in a given quarter, don’t always fit into the student’s matrix.  Fewer mandatory 
courses and more optional courses would be helpful. 




Supervisor question – Additional subject matter that should be taught in the NPS program 
which would better prepare individuals for space-related assignments: 
• Space policy issues and space threat analysis (via the seminar program).  As the US 
achieves greater and greater superiority in space and information systems, our adversaries 
will begin to orient on those capabilities as decisive points or centers of gravity.  Students 
need an appreciation of these issues in order to effectively lead policy and acquisition 
decisions. 
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 Table I – H-2.  Student Opinion Form (SOF) Format 
 
Student Opinion Form Results 
Class:  AE3811   Segment: 1   AY/QTR:  2006 / 3  
Student SOFs submitted:  10 
5 - Strongly Agree 
4 - Agree 
3 - No Strong Opinion 
2 - Disagree 
1 - Strongly Disagree 
0 - No Comment 
 
Question  MAX MIN AVG STDEV VAR 
1. The course was well organized. 5.00  2.00  4.20  0.92  0.84  
2. Time in class was spent effectively. 5.00  3.00  4.40  0.70  0.49  
3. The instructor seemed to know when students didn't understand the material. 5.00  4.00  4.60  0.52  0.27  
4. Difficult concepts were made understandable. 5.00  3.00  4.44  0.73  0.53  
5. I had confidence in the instructors knowledge of the subject. 5.00  4.00  4.90  0.32  0.10  
6. I felt free to ask questions. 5.00  5.00  5.00  0.00  0.00  
7. The instructor was prepared for class. 5.00  4.00  4.70  0.48  0.23  
8. The instructor's objectives for the course have been made clear. 5.00  2.00  4.20  1.14  1.29  
9. The instructor made the course a worthwhile learning experience. 5.00  3.00  4.50  0.71  0.50  
10. The instructor stimulated my interest in the subject area. 5.00  3.00  4.10  0.88  0.77  
11. The instructor cared about student progress and did his/her share in helping others to learn. 5.00  3.00  4.50  0.71  0.50  
5 - Outstanding (top 10%) 
4 - Excellent (top 30%) 
3 - Average (middle 40%) 
2 - Fair (lowest 30%) 
1 - Poor (lowest 10%) 
0 - Not Applicable 
 
12. Overall, I would rate this instructor: 5.00  3.00  4.30  0.67  0.46  
13. Overall, I would rate this course: 5.00  2.00  4.10  0.88  0.77  
14. Overall, I would rate the textbook(s): 5.00  3.00  4.33  1.15  1.33  
15. Overall, I would rate the quality of the exams: 5.00  3.00  4.25  0.96  0.92  
16. Overall, I would rate the laboratories: 5.00  1.00  4.10  1.45  2.10  
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I. Sponsored Programs 
 
FY 05-07 
SPONSORED PROGRAMS FUNDS EXECUTED (as of 1 June 2007) 
ABET REPORT 
FY PI ACCID DEPT Sponsor  Title FUNDS EXECUTED 




















05 AGRAWAL RME6M ME SAF/FMBMB-AFOY 
MULTI-BODY FLEXIBLE 
DYNAMICS, SYS ID... 
 
49,755.26 




















06 AGRAWAL RMEJD ME NRO 
ADAPTIVE OPTICS 














06 AGRAWAL RME83 ME SAF/FMBMB-AFOY 





































07 AGRAWAL RME89 ME SAF/FMBMB 
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05 BROPHY RME8C ME PRATT & WHITNEY 




06 BROPHY RME8C ME PRATT & WHITNEY 









06 BROPHY RMEFX ME TDA RESEARCH, INC. 





















































05 KOLAR RMEH7 ME NAWC-AIRCRAFT DIVISION 
FRACTOGRAPHIC 






















07 ROMANO RMEMH ME DARPA 
...ROBUST GNC 




05 ROSS RME7T ME NASA-GLENN RESEARCH CTR 
PSEUDOSPECTRAL 
METHODS FOR OTIS 
 
32,917.34 



















































06 ROSS RME7T ME NASA-GLENN RESEARCH CTR 
PSEUDOSPECTRAL 
METHODS FOR OTIS 
 
476.75 










































06 ROSS/KANG RMEDE ME AFOSR 
PSEUDOSPECTRAL 
METHODS F/OPTIMAL 
CONTROL 
 
52,588.90 
 
